- to. 97 

vwrtarietcd) 



2KB 119R RESOURCES OP 2KB OGEAVS 
compiled and dit*d V 

JA Oulland 

aouro Division 
of 



fhis Mpert i Adiwtd to ibo memory of fir; .. (Wib) 
tm rooo^Altion of tho support ond aooiotoaoo ho vo to Hiio 



M f JiOjr 1970 



PRSPARAJTIQH Of THIS DOCUKSNF 

import has been prepared in the Fishery Resource! Division, Department of Fisheries, FAO, in 
collaboration with regional fishery bodies, and individual scientists, to provide a background against 
which fishery developnent oan be planned, and possible mad for research and management noted* Through- 
out the preparation of this study, advioe and where necessary guidance was rsosivsd from the Advisor/ 
QcHMBittee on Marino Resources Research. 



Distribution! 

PAO Department of Fisheries 
FAO Hegional Fisheries Officers 
Sslsotor 9K 

Collaborating Institutes and 
Individual Scientists 



"Current Bibliography 11 entry t 

Oulland, J.A. (Comp.) (Ed,) (1970) 
FAO Fish. tech, Pap.. (97)*425 P* 
The fish resources of the oceans 



17-1*065 



World* Places, Mollusca, Crustacea, Mammalia. 
Methods - exploratory fishing, bionass estima- 
tion, oatoh statistics, sustainable yield. 
Fishing areas - geography, hydrography, primary 
productivity, secondary production. IBiplolted 
stocks - spsciss^ ditribution y catch, 
snts, estimates of potential yields. 
Unexploited stocks. Catch statistical 
tables - ty regions and species. Selected 
bibliography* .. . ^ " 



PREFACE 1 

A - NORTHWEST ATLANTIC 6 

B - NOWKBAST ATLANTIC 22 

C - M&OTERRANEAN AND BUCK SEA 46 

B - NORTHWEST PACIFIC ty T* IWcudai/ 56 

E - NORTHEAST PACIFIC 82 

P * EASTERN CENTRAL ATLANTIC 94 

- WESTERN CENTRAL ATLANTIC 106 

H - INDIAN OCEAN COASTAL WATERS by R.S. 8homura 2> 4/ 115 

X - WESTERN CENTRAL PACIFIC by R.S. 9iOfflura 2 '4/ 130 

J - EASTERN CENTRAL PACIFIC 146 

K * SOmiWEST PACIFIC 158 

L - SOUTHEAST PACIFIC by L.K, BoeremaS/ 164 

N - SOUTHWEST ATLANTIC ty Q. Hempel f -^ 176 

N - SOUTHEAST ATLANTIC 180 

. ANTARCTIC by 0. Hempe!* 1 ^ 197 

P - OCEANIC RESOURCES 20$ 

Q - MOLLQSCAN RESOURCES by A.C. Simpeon^/ 218 

R - CRUSTACEAN RESOURCES by A.R. Longhuret-/ 2 52 

S * SUMMARY 307 

APPENDIX TABIES 321 

359 



Motet - I/ Whtrt no author in tpooif ltd th* motion hat betn prepared lay the ditor 
"^"^ " |7 with vubt^quent pvUion by the editor 

V Dr. Y Fukuda, Tar ttaat Piaherie. Reataroh Uboretor^, 1000 Orido, fihiaiiu 424, Japan 
2/ Mr. R.S. SKomut, US Buraau of Coawercial Fithtriea, P.O.Box 3830, Honolulu, Hanati 96812 
V/ Mr. UK. Boerema, Fiah Stock Evaluation Branoh, Piahery Reaourcaa Diviaion, PAO, Rome 
Prof. 0. Hempalt Institut fttr Nerakund f Hohanbargatr.2, 2300 Kial, Ped.Rep. of Germany 
Hr. A.C. Simpeon, Pieheriee Laboratory* BurrAaa- on >Crouoh t Caeex y UK 
Dr. A.R. Lonchurat f US Bureau of Commercial Piheriea f P.O.Box 2?1, La Jolla, Calif. 92037 



In addition to tha authors aamod above many ooientiate have helped, by aupplyiag data, advioe 

and ooaNnta t in the prparation of thie doouMtnt. frtatiettoe have been rarovid^i by 

Mr. L.P.B. Oertwbexjh and the *taff of the Piehery Statiatloji and Boononio Data Branoh f PAO. 

til* bibliofrajfcy haa been oheoked \y Niaa O.A. Soave. t preparation and final 

done bgr Viaa D. fi^nor and Niaa P. Zodda. 



ffhe catches of fish from the oceans of the world have been increasing at a rate of some TfJ pet 
year (doubling every 10 years), sad reached 50 million tons in 1967. Zn some areas and for some stocfcs, 
c.g the larger dtttersal fish in the Iorth Atlantic, it has long been clear that catches have approached 
the level of the total potential production of the area. 

r, the relation between oatehes and potential is less clear for the oceans as a ifeole* 
Various estimates of potential have been made ranging from 55 nillion tons up to 2,000 million tons. 
Much of this difference can be accounted for */ differences in the types of organisms included - all 
animals, excluding the smaller tooplankton, or all fish, or all fish harvestabls with present tech- 
niques* Meaningful estimates should therefore taks into account the detailed composition of tho 
potential catches. 

Such a world appraisal of fish resources has been one of the long term objectives of FAO's Depart- 
ment of Fisheries (and earlier the Fisheries Division) for many years, but staff and other facilities 
were lacking for its implementation. Ihoss became available when detailed information on resources was 
required for preparing FAO's Indicative World nan for Agricultural Development (IWP) (agriculture in 
this sense includes fisheries), and early drafts of the sections of this report were used in preparing 
the fisheries chapter of the IWP study. 

The present report is intended to serve two main purposes i first, to provide basic information on 
resources to indicate possibilities for development of new fisheries end to facilitate the planning of 
such development j second, to provide an early warning of the meed for conservation and smnsgenent when 
catches approach tho potential limit of the resource. 

Inevitably, in many areas the information available is not sufficient to produce accurate esti- 
mates, and a third major objective of this study is the encouragement of research sad the collection of 
basic data, such as catch statistics, ecological data and the characteristics of the population dynamics 
of marine organisms that arc existing or potential objectives of exploitation, from these more accurate 
and realistic estimates can hopefully be derived. 

1. PROCEDURES 

Ac general procedures followed were developed following a meeting of a small advisory group of 
experts (B.L. Alvorsoa, A.8. Bogdanov, D.H. Gushing, R. Kashara, W.V. Ricker and M.B. Schmsfer), held in 
Rome in December 1966. the resources were considered separately for each sea area * using for 
enoe the ssa areas used in FAO's Yearbook of Fishery Statistics. Close cooperation was maintai 
appropriate, through the regional bodice (IGB8, ICNA7, etc.). A first draft for each area was 
by a consultant or an FAO staff member, and circulated to the regional body (if exiting) and to indi- 
vidual scientists known to have a major interest In this area. On the basis of comments received revised 
versions were prepared. 

Certain resources were treated separately on a world, rather than a regional basis, since their 
study Involved rather specialised problems, Btcee are the crustaceans, the molluscs (excluding cepha- 
lopoda) and the resources of the open oceans. Seaweeds havo been excluded from the present report, 
though studies on these resources art bsing made, and it is hoped to include then in a future version. 

Tbo value of this report and the reliability of the estimates included in it, have been very greatly 
increased by the very numerous and detailed comments received on the early drafts. Zt is not possible 
to acknowledge here individually all feose who have spent considerable time and trouble in preparing 
comments, though special mention should be made of the original advisory group, end of VX. Chapman, who, 
though unable to attend that meeting, has taken a very close interest in the studies as they progressed. 

To enable as quantitative and complete a summit? as possible of the total world resources to be 
produced, actual figures have been produced isierever possible as estimated of the potential catches from 
individual stocks, oven when the infbrmation is very scanty. Too much attention should therefore not be 
*v*a to the precise values of many of the estimates. 

fhsse estimates are also of the sums of maximal potential long term yields from individual stocks 
concerned, i.e. the yield from each stock that would be obtained under average environmental conditions, 
with the pattern of fishing adjusted to maximise the yield from that stock, the actual yield, even under 
steady fishing, will wry from year to year, e.g. due to variable year-class**. Also, it is most unlik*ly, 
in an area where several stocks exist, that the overall pattern of fishing will be such that the maximum 
yield, is taken from each stock. Among the heavily exploited stock*, oven with good management, some are 
likely to be under-fished (tho yield would be increased by greater fishing), and othersover-fished. Also 
little attention has been paid to the practical possibilities of harvesting the resources. Sven 



the groups of fish commonly .harvested there are some species, s*g date in the Berth See*, of low market 
value, or with scattered die tribution f whose capture is not scowmipally attractive, the f iguree mus* 
ibtrefore be ooneidcred at tola* generous estimates of the catohet from each group of fifth that might 
"toe achievable In practice. 

Culture of fifth and other marine animals it not considered in detail. Such culture it e* tent ially 
of two kindi - culture making use directly of the natural production, e.g. oyster culture, and that 
bated on the intensive rearing of high priced animals, dependent on the external supply of food. The 
former type it largely confined to mollusos, and it disousaed further in that section, fee latter type 
is little more relevant to the use of the natural resources of the sea than the intensive rearing of 
chickens, or freshwater catfish. These have increased the demand for fish meal, and hence stimulated 
the use of previously little exploited resources such as "the Peruvian anchovy. Intensive culture of 
such animals as lobster, shrimps, yellowtail, plaice, sole, etc., will presumably increase the market 
for fish meal, especially as the proportion of fish meat in their diet is likely to be larger than for 
chicken*. Such culture must therefore be taken into account when estimating the timing and develop- 
ment of the exploitation of natural fish stocks, but does not affect the magnitude of the potential 
natural harvest* 

2* METHODS 

Wherever postible assessments were made using the normal methods for exploited populations, using 
catch and effort statistics, length and age composition data, etc, Obese, however, could cover only a 
fraction of the total potential. For other stocks other methods had to be used, based mainly on the 
estimation of the biomast of the unexploited ttocks. 

Three methods of assessing unexploited stocks, in semi-quantitative manner were used: 

(a) exploratory fishing. Tfce capture of fish by normal or modified types of commercial fishing gear; 

(b) egg or larval studies. The capture of the early stages in plankton nets; 

(c) echo surveys. 

Exploratory fishing has the advantage that the data are immediately available in a suitable form 
for developing the commercial fishery* It is particularly useful for trawl surveys for demereal fish, 
but not so good for pelagic fish, and squid, where the most suitable gear may not be known, and if 
known is even leas quantitative than bottom trawls. 

Echo surveys are at present not generally quantitative (though methods are being developed), nor 
do they provide identification of species; fishing combined with echo surveys could remove both theme 
disadvantages, and teems the most promising method, 

Egg and larval survey* are expensive, take a long time for detailed analysis, and provide only a 
limited accuracy for quantitative estimates* A large quantity of material it,however f already in existence, 
and analysis of uch data already collected for other purposes can provide rough estimates relatively 
cheaply* 

A fourth method used for qualitative estimates was the inspection of the gut of large predators 
(fish, squid, birds, seals, toothed whales) to provide crude information on the distribution and rela- 
tive abundance of the smaller fish specie*. 

The estimates of biomas* were used, together with estimate* of the natural mortality, to derive 
estimates of potential annual yield as follows: 

In the *imple chaefer (1954) model, the maximum yield (Cms*) ,to taken when the biomass (population) 
it naif the virgin biomass BO- If it is then assumed that at the optimum point, the fishing mortality, 
P, is equal to the natural mortality, M, then CM* F x (fa) - N V While the real fish stock will 
not follow the fonnula precisely it is likely that tome of the deviations will compensate each tfcsr* 
Thus the greatest yield may be taken at a level rather lest than half the uafished stock, but a* the 
same time F may be rather great than W ,,., . . , ., -.- . ...-*.. , :.-.-.. < -,-. . >; - ;- ' 



where 



in the model above, 



X can alto be expressed in terms of the biomast B 
yield, 

i.e. C P B 



and fishing mortality F under conditions giving 
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and this can be calculated on the basis of other models, e.g. the Beverton and Holt constant recruitment 
model* Hie actual value of X will depend on the sise of first capture - or strictly, c, the ratio of 
sise of first capture to maximum site, and the ratio of natural mortality, M f to the growth coefficient, 
K. foe retulfeof the calculations, using for simplicity the yield tables of Beverton and Holt (196*4) 
are given in Tables t and 2. Table 1 gives the results obtained if the site of first capture is not 
changed, the biomass being calculated from this site upwards; Table 2 gives results if site of first 
capture can be adjusted to maximise the oatoh. 

The calculated values of X,in Table 1, range from 95# to M% which is a wide but perhaps not 
entirely useless range (the biggest error in taking X . 0.5 is by a factor of 3). These extreme values 
ooour at the edges of the table, especially at rather unreasonably high or low values of c, the length 
a L fir>t J apturt **** M proportion of the maximum length, and more likely values of o rang* from 
30Jb to 70; for these, the extreme values are 26% to ?8 (68$ excluding the highest value of M/K). 

Alternatively the site at first capture may be variable; the greatest yield will be determined 
from Table 2, but the virgin stock nseds to be defined* Three measures havs been used - the biomass 
at tero fishing for c 0, 0.40 and 0.70; the first is an upper limit to what could be considered as 
the fishable stocks, which normally will exclude fish below some site. Usually, fish recruit to the 
fishable stock at a site corresponding to a value of o between 0.40 and 0.70. The maximum yield (for 
any combination of sise at first capture and amount of fishing) was therefore expressed as a percen- 
tage of N times the unfished biomass of all sices of fish, or or fish above 0.40 or 0.70 of the maximum 
length These are given in Table 2. 

Table 1 - Maximum sustainable for given sites at first capture, expressed as a percentage of M titles 
unfished biomass 
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Note - K . coefficient in von Bertalanff* growth equation 
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(ftor largo *alos of J0C tha groatost yiald ia takan at a valua of o loaa than 0*?0, and for thsst 
tataoa tha antry f or o - 0*70, anoloaod in teaoksts, is tha groatost oatoh for o. 0.70 axprtsstd aa a 

of I x uafiahod bioaaas.) fccoapt for tha hraticatsd figuroa for tho largo sift at first 
tha valuta only vary ovtr w&to a narrow rang*. Hit aaaciaua yitlds ustd hart art probably 
vtaatiaatos of tho groattrt yitldt that could bo obtaiaad ia praotioo siaoo thay art basod on 
fishing, at hi^h lotsls of offort. Probably a talut of 0.5 would bt oloso to roal wlua, i.t, 
ostiaatt of uafirttod bioaass aad natural aortality (oqual to total aortality ia tho 
ploitod population) than a first sstiaata of tho aaziana yiald iss 



and ttiia haa boon utad ia tho following aaotiona to oatiwto tho potential yiald whtn an aotinata of 
of Hio tmoxploitod stock ia availabla. 



i, B.J.H. aad S.J. Holt, Tablos of yisld function* for fisfatx? 
(38)i49 P. 
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Bohatfor, M.B., Boat aapaots of tht dynaaios of populations iaportaat to tho aaaagsaoat of 
1994 aarina firtiarits. Bnll>iniarMi.trop.Tuna Coaan. 1(2)t26*56 
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amtmm *t 900 Mdl 000 




th * wnqfni * tta ******* Cc-iaaloa f or the Berttweet 



^ ., , . it lo convenient aloo to include the area aouth of the 00eia*iea 

oouth to 3^B (epproriaately Cape tettevaa), I.e. euWrea 6 of 101*7. fho redon la 
divided Into alx auWaroaa aa follow (la bracket* tho approximate aroa of ehelf, down to about 
200 a) t 

1. Ve*t Oreenlaod (85,000 **) 

2. Lafc*dor (ea 100,000 ka 2 ) 
3.. Wewfoundland (490,000 ka 2 ) 

4. low Soctla and Oalf of St. Lawrenoe (310,000 **) 

5. Wow to* land (18%000 km 2 ) 

6. Middle Atlaatio (90,000 fca 2 , excluding aeal-enoloaed aroma anon ao Delaware Bay) 



Oxo flfuroo for ub-roM 3 f 4 d 5*t*ktn ftwi OntfiM oadUMirds (1962)* Shaft Ibr 
U imthor p^tr tna th* WML donn to 200 f to inoludo ail d^tho lafertltodtyood* mm w 
Howtod. IB otnor arou alto oatohw MM aow Dtiaf tmkon tolov 200 , though tho ritr part of 
tfet OKtehf and p*otebl? alo of tho fian production oooum In water inallonar than 300 *, 



i aein feature* of tho hydrography of the KfcAF aroa have been dooorlbed by ww 

and lailey (1954)* Aoooaate of tho year to year fluotuetione la thoao foataroe can Do found la tho 
Ifatloaal fieaearob Beporto yahllahod la tho XOUf rodbooiea, tho Aaaaloa Biolofi^uoo puULiahod to 
IOCS, and the Ammal Reporte of tho International Zoo Batrel Servioe (US Ooaot Ouard Ballot laa). 
Since Baohey, Hermann and Bailey published their oaograph two International aorvoya have added 
oonalderobly to our detailed kaowlodfe of tho phyaloal and ohealoal ooeaaocraply of tho Borthwoot 
Atlantic, la 1957-8 *^ 



Atlantic la 1957-3 dnria* tne International Ooopojoioal Tear (IOT) a awvey waaaade of tno Polar front 
the Morth Atlantlo Ooeaa* Tho aain fladlnn have been OHwariood br 



of the Morth Atlantlo Ooooa Tho aain f iadiaga have boon OHwariood V Wotrldh (1964 and 
Later, la AprH-July, 1963, ICHAf oarrlod out tho WSTLAW Sarvoya ahioa allowed tkMo 

tlo ploturee to be obtained of the Ir*ln*er and Utemdor Boaa laolttdlaf the Doaaarle oad 
Sttmite. The reoolte of thaoo awveye haM been pabllehed 1y mtf la tto Speoial Poblioa-. 
tlona aerloa >< '> 



na aoamaiiac noeaiuiti'eniiifi reavtre 10 *ae otooo ^uxtapoaition or wara and oold oorrent ^y 
tau. fhe Oalf Btroaa ****** lo the aouroe of water of hi^ tMijiereture. Zt entere tho IOVAF ar 
froa tho oouth ffL m 1^4C, T-^ . l6C/*aad le found off the AMrloan ooaat to aa far ao tho 

fall of tho Orand v Bank where piff of tho wara current tnraa to flow northward* parallel to tho 
eartem odo of tho Grand Bank. At about latitude 50* thia ohaafoo direction to tho aortheaatai 



* northward dlreotloa afaln and flowa towarda Xoalaad to fora tho Ztaiafar Oqrront fala 

'.nroooode) 'O*liBBtf tiMi' oouth OBd waat -ooaata of Xoeland aod In 



Capo farewell ^L 3-6^0, - aad nowe northwarda aloa* tho odfo of 




outalde it, tho Bapt Oriooltnd new4poaant fonwi the Hoot flroaalandl OwnMt 9 whioh io therefore 
current ooapoaed of two *b*v&y ooatraotinf water aaaaee. Aaotber oooroo of cold water to tho 
ICITAF aroa la tho Baffin Land Current which flowa oouth froa Baffin Bay to eventually beooae tho 
Labrador Current. Thla latter reoelvee a oontrtbation of warmer water f*e the Veet Q^e ^ 
Current, whioh hao * tendency to turn woatwarda, aad oold water froa Radeon Bay through 




_ 
la the *vrate 



Strait. Odd wator originating froa tho Labrador Oarront rojoiao it froa tao Onlf of St. t#rooo 
tteoogh Bollo lolo Strait, aftor laving flowod row* Howfotadlaad. On roaohlng tho Oraad Bank* tno 
Labrador Owrront opUto, part flowing along too out*ld* *lopo of tno bank aad part flowing botwoon tno 
d tit horo Tho fmwr i* thorofbro aott to part of tht CWLf Stroaa ****, aaft oold wator 1* 
^ aloagoido wara. Largo ooalo aUdng ooour* and a oharaotorUtio olopo wator 1* toraod which 1* 



Within tho dolf of St. Lawronoo L -1-1 8C, f ^^ 3^> J7 tbtrt l- * wtl^olootarloo olroulatlon 
in tho uppor lajroro, with wjitor tutoring froa off tiMTnbwthMont Vowfooadlaad ooo>ot nad loaving pant 
flajm Pift ion Inland. Zt* aoot otriklng foaturo io tho Oa*p4 Ourront on tao ootttoom Old* of tho gulft 
thin ooatala* tho dloohargo of tho St. Lawronoo livor. Tho wator loaviag Qabot Strait ooonnio* ao*t 
of tho oaotorn part of tho Sootiaa Sholf , bat a* it aovoo nontnifootwwrdnit boooaoo oonflnod to aa 

thoao ooaotal wator* nad tho Oolf Btroaa in a woll-dof inod band of nlopo wator 

tho Onlf of 



iMteapo taad Itttioia tiMoo ooaotal itoro and tao Oolf MTOMI io a utlUOofiaod tead of olopo vat 
Anrt 6-J*S7. A aixturo of tat inoboro aad offttoro watoro fooooo Capo ialdo oad oatoro tho Oalf 
lOi aad B^ of fHmdy to font port of th* Mti-olooiniioo olroulatlon tftoro /L 2-17C f tag " ^ 
Hator loavoo tfeo <talf of IMao along tht feoriooa ooaot part Oayo Cod, ffcria* I foaovally oloSMLoo 
oirotilatioa a*owA QOOMOO Buk 



circulation 

ablo part of tho MUF aroa in mtb Joot to paok loo tvhanpoonod by tho oold oorxwt*. Tho 
loo froa tl Borth tolar Baoitt* it " " ' ^ " * 



laft io aattlail in Aptil^nao 9 at tlao* rooming an far an 

4 MA ^^M^M aA.'tfHMflt Item AtfMK^lfe^M.VWl A ^l^t 4 Ik Ai^^A V^^iMM ' 4 A AV^^^^Afl AJMMhMM ^ikA ^^jM^JA afev^'4:& ^A 

Thi* lo* f togothor with that froa ftoo Ohnaaol 9 in transport* bjr tho Labrador Omont to tho Oraad 
Bank, wnioh it roaoiMHi ia Jnaaar^Jtaroh* Soao of it antoro tho Onlf of St. Lawronoo through Bollo Z*lo 
Strait. Zoo aloo loavoo tho Onlf pant Capo Btotoa I*land to aoro aouthward* toward* Sablo I*land. 
iaothor part trawoln dlrootly oouth nad noatnamt froa off noathon ! m Jf oaftmadlnai In addition to 

ward* ovor tho Host QroonUtwl Bank* to ao far a* Bolotoinborg. fho Hoot Ovoonlnad glaoioro aorth of 



ho XXaUf aroa boiag a roglon of high prodaotivitgr. Strong 

Labrador Boa. Th 4 ^ oaovroa that tho aotvlaat nalt aupply ia tho oorfaoo lajroro io roplonionod aaaoallj. 

Zn tilt ^HMfifyf aad* oortJF" aaanor ioo aoltiag oaaaon M anriiad rodMotion la oaUnitijrt aad haaoo donoltyg la 
tho anrJBaoo lowwrn* Btabdliaation of tho wator oolaan in than pjwviaad nad it allowo pnirtoiplaaktoa 

goaorally Ojrolonio oironlatioa in tho Labrador nad Zralngor Son* givoo a dlTorgont flow pattom ia tno 
loading to na upward* transport la tno oontral part* of thono ooaa. Again, off Wont 



oitlm? iff tlMY naao 'AAjMOtiioa on 1 ia 




fjm JOMF aroa lam o^orioaood aatfe*d long 'lorn ^nrlnttnn* ia oliaatio 

off Hoot Ovowilaad ihowod a Mated iiMirona* of ^ovt t*SC la tan 1930o nad 
tho onrty If30n t hat foil br 0***C to a alnlaan la tho oarlr 1990a. 

haw* baoni' aiaiB*i > naaitt Ailwo*" o> vo**ttEwahaiO'4riLnO :iii >&n toaporataron at 200^200 a wj*vtfei ; ' 
plaoo botwoon tho oarly 199>o nad tho proooat tiaoi it naoaato to 2-?c7 Za tho oonotnl ant *holf ar 
off low Bbgland and tho Xaritlao Pvorlaoo*, a rioo ia ooa onrfnoo tt^oraturo of 2.900 **oao to har* 
tak*a piaoo b*twon tH oarly IffQo nad tho onrly *99*** ft w aoatrtaji to tho onrly W>o, 

D t wa* at a high lovol tetwoon 19M oad 194^ bat aot 



(bnnoi on a noto ^ OJU HUy ) 



f Ingor* of oao aaad aro aoro than *a*agh to ooyat ail tho otndlo* of ; 
that havo boon oarrlod out ia thin Mgloa with tho woo of aodorn aotoodo, laolvdi 
nad ozporlaoatal aoamnmaoatd of cU uptalw. Saon a otady i* ourrontljr wadorwa/ 





_A- ******** - - ^__ * A _ 

oovttmf* of thio mrom nmo MOV foMam tho XOT, at ia tha 

M* OthOOqMatly * (Wf) kM tOOOfihOd MM OOllOOtiMO 

tho MT, vhiflfc ooMiotod of *i|k* dotondMtioM of total partlomlmto 
hm*o BOM portlaMoo to tho pvohloa* 



rofa*d to pMopUifctoa qrrtMfctlfemad t^oiM diHritatlm, m loi 
(U6f ) Ii oaojimpii U pMrttoaUrlj oonoomd with tte pJ^topUafcto* of tto BU M 

tot it BMrtOlM OtM Oft 000100T OttA MTO fMMHPil diOtritatiOM Of OpOOiOB 9 Ottd it 

lie! of roforoaooi to tko oldor litoi1wo 



fcloM (1965) teo teoorito* tho ooMMua oyolo of phytopUafctoa t * UtiM la tko Utro 

ttvo 4B tiNnHi of ooUl oooftto ouA opooioo ooHpooitio&* Wol.1. to tlMi oowtt^i oifldAwp wMriku IMMI -iMNNi 
MO U *o OtfLf of fclat (Htrton f Ulllok ud 1940, *A tho ooviior paporo Igr BU 
k (Sowo 194t) lilv (1941) Mdo ootlmtoo of piqrtopUaktoft ptotootMLtar 
ftothodo thoa la vafuo tot iftiA tevo 



tlMi Salvador Bom mad tho Golf of Ifeiao no hawa aaljr 
M opooioo dimtrihatloa* Vhio mrom cmitatno m raMfiaMLo imrloty of 
tho Ottlf of 8t. LMvoMOf ahalf mad haak amtara, alopo aatar f Omlf ttlnaa aad ~ 



hatm M dotmilod kaovlodfo of ataaoMJ oyoloa or tho foaorml lovol of proiaotMtty la aay of 

IM mromo ^ir^tpt tho loom! li^f^^rr* apoto aMtloaod mho^o ' Vo oaa ^mooOf oa tha hamim of Mao* 
rml kaoiAodfo of phyaloal oooaaocrmphy 9 thmt tharo aty ho OOM thirty Urgo rogii ' ' " 
la prodatt iTity, It noald ho aa latrlalaf ^atwo to laroot igato MM of thoM 



of thlo rofioMl mriatioft oaA tho Uok of ortonoito ohooi mtloaoy it io aot 
ot prooMt to attoapt my ootiaftto of tht totol pvlMxy pvodMtioa far tho vogioft mo o iftolo 9 or 
far MQT iaiiviiMl oriMvo* 

(EoopUaktOft ad Bontho) 



mro Yojy fav if my ohaai imtioaa oa tho prodaotioa of aooplaahtM or hMthoa* IB tho 
ab^roma tha Mat oxtMOivo ohoormtloaa oa tho otaadiaf otook of aooplmaktoa aro 
aado iariat tho VOtMBMUMf attnr^ya f prlaoipmlly of Waat (IrotalaadU fho ropartu 
IMO aov hooa pabllihod (XOIAF 1968). (Hhor roporta oa aoo^mmktoa mhMdaaM te ,_ ^ 

iathaaMHu BoMfar t tho ohooriatiOM mro yathar odmttorod f mad la tion of tho ' " * 
diffOfaMoa f M ^amatitmtivo oatlMto of prodaotiM io mtttaptod* 



S1 gtattotioo - tetftUod otatiotiM 090 poMihod annual? % XCHAf (MatAatlMl 

^ICMM AMI -A^M TfHfJiy ttff^A ^flw^^ttk 'AttA fsttl^^ 

IHT 'ODOoioo*" 'Ojpoa* aoata^ 




data fhio io prohah&jr tho hoat oorioo of atatiatiMl data la may amjor OM mvom mad 

Mdor rogwlmr roviow tj WWf fho pmlAIAod otmtiotioo mro of nMatrnUI omtohoo oaly aad oa 

otado oporto ; fi^bOtaoa f o omtoteo* fhooo mro prohmhiy m ol^aifiomat pryjpor tlma mf tho Mtidioo of 

- it^^^mm /^ m ^Av4^^^ ^^MM'^ 'JM 4liA MtMlMM ' 

. mad Mjor opooioo MM (la 000 toM)t 



io 



fflrti* At ~ 168 oat**** f^ ttoo ICIULF 



Oulf and 
Vom Sootia 



Ood 3 406 743 24? 49 * 1|79f 

gfciHteftfr + f 6 46 44 *</ 96 

^nwhaleo - - 3 80 ay*' 8 

itedtt* 95 48 103 7 172 

n*ttAY 2 9 149 72 93 12 

Halibut * 3 7 2 4 * J2 

Sarritt* ,/ * - 159 348 337 5 869 

Othar grow* ftittft/ 7 4 29 39 98 30 

Othr polaclo firt^ - 1 22 51 174 

Othar fifth*/ 14 17 19 90 45 



378 426 1,157 940 810 646 



gg * ffi '" ' oTxOUF. M t* 141,000 ton. in 1967, HUly. ort 



Include* 

Dflition * wad ty X01U9!* ^(Hhw fln rt i&oluA** MMMI p*oi nhioft AT mainly 

. MlMm and oaplin 

Pinr for 196? | ooplt ftffur^* for 1968 not yt avmllablt 

15,000 ton* in 1968 



A good ymtatic raviw of tho fib 0poit in th r** f wite <MM aotti on tntir toono- 
to l^ortwio*, U lwi fey Ui Ad Soott (1966), 



in tht ICKAF ax** propM tov* >wm thad*ral fliiri 



, and oil), and for oyotova* &a lattar In diaouaaad in da tail in 

aolluao o)wtar of thia roport. Uhraa rottp of ^paoiaa - coda, flatfionoa and rtdfiah ar^ - 
tionad intii* XdUT Canvpation aa tain* of apaoial iatarMt to too Coaait ion. 



find (flbdaa aorhua) 9hift fUhory ! TMTJT old, and ! oarriad out r !* faaaala froa 
oa. ia!lMUraa M !noraaBiBff ambor of larco fr^iin* and factory trawlr and MMdlor v 

of 
la 

. InaabNMPoa 2 haa 
(300,000 ia 



iabod in qwuiU^r tolj 




8pain and 08 (and 1001 ia IggM) ********** 3 *"* 4| %J| * mMfeilK te ^Pta $ 

4tAtfK ^ka^ A > ^i ^jfc ^j a^i> M^a m M-* ^ MAflk^fll^kAA 4^flMM iHlkA iMMMI A. -IjUMM tfltffli ^AjAflflPV 4Mft 

. wan* '', ij^^t aaa '&a jaj"i o aa owiwMMjav ^^"^"''t ^w^^w * wm^tt m **w w v^- *& j ^H 



- Btdfish ax* oauht alnovt olu^Lvily IQT twwA. In tbo 

a oontiawad for anr pwm| itaM tev bw nvetvntiowi ia tho total 
and la ita fa******** dUtrilwtion, but not on tho ooalo of 1te Mdfirii f iihorioi frthp 
In tfe* northen arm 9 fi^inc ly Imupoau tamidoM *tavtd in ti lato 1950 nd nan 



a >aaaaaaa&fta of indivijAuaJL avavtada* "^ 
aad d>liaod to a jpaiatiiralr IM lavii* 



- For a loat tte* tMNi tea b^n a 8 trawl flUry in 
40-50,000 tons* SUw* 1962 a largo USSR firtiory 



flt^i in aalMMMa 5 Md lator in flalMums 4 and 6, imoWnt owr 300,000 toaa in 



Jl 



inoluda aavaral apaciaa, Muoh of tbo oatOb baa IMA tafeaa incidan-Ully by 
fb* ood aad baddaok, tat * anabor of tiff anil namfllaii laaaala, ualui tNM&a aa vJ -- ; ' 
fiah apooially fb* flouadara, awl tbaaa oatokoo tarn z*oantly boa* iraoaoiar 

"' -'- 



__ __ f iahtyy ly Canada and 08 with -a, *pMP&aty of foa* tea 

Huouatod around 150,000 tona for a loaf tiao. In 1960, aa offttov* tw* f itoary ly UHR 
lopod in MbMoa 9 ratofeinc a paak oatob of 160,000 toao in 196n A ' 
baa boon iaoraaoin* rooantly 



- A *arUty of otbor fiah M* oaatfrt, oopootelly IB rt-aM4 f 5 * * 
ara aa followai abatk, word flah aa& taa 9 argcntinaa and 




_ ^ will 1* daalt wtth la dotaU in oopanrto raporta daallat 

with wo wai notdd roaoyroaa of tbaaa variotioo* Xtaportaa* ateUfiaii fl^iorioa IA tho XOMT 
araa iaelnda ite ldWUr olaM and aoallopa la au^troaa 4 and 5, and itfkriapo ia ***** 1. 



S3 Aaaaaai>attta - RagoU? aaaaaBattta of tha ataia of tba lportaat axploiiod atooka hti 

ado ly tfco Boaoaroh and Siaiiatioa Coo^Lttoo of ICNAF, oapooiall? Utoly ly ita AoaomNMnto Sub- 

Oomlttoo (ooo JCiP jbmoal Baporta, o^ooiAlly oopplaaMnt to Vol.11 and ooiostifio roporta te 



Ogd ill tba atooka la <tt I<SUF roion aro haarlly fiahad* food 

for moat *%otfk f thotttfi la MrtNaiw 2 tba rooont and i*pld dwalopMttt of tbo 

tood tMoaawttt difficult wtU tba Ut yaa* or ti. fte otaUod *oml* wo ciwi in i 

XCHAF doovMttla, awnaslaod la mrloua vopovto of tba Aaaaaaamta Sub Oooaitt^, In no a 

any aubotaatial inor^aa la watataod yiold por rooruit bo axpootod f^oa an ineroaia ia offbrt. 
bat far faw araaa la tha proaaat fiahiaf cloaa to tba wcima (if * aziooa oziata) in tte yiold 




Sona aodarata iaoraaoo la yiold por rooruit, parbapa of 10-20)1, i 

aotion ia 



fora, bo acbiavad by propor aaaafoaaat - wo of larcor aaabaa, aodarata raduotion ia fiabin*, 
oto. - aa appropriate for aaob atook. 



nuotaatioaa ia roontitwaat aro iaportmat la mao aroaa 9 o*f Hoot Qrooalaad, bat do aot 
oauao aagr roat variaiioa la tho total oatoh froa tbo ifcolo araa^ ito* potoatial animal yiald ia 
tbaa alifhtly abova tbo proooat annual oatob - porhapa 1.5-1*75 aiillioa tona. Iowar 9 it io 
poaaiblo tbat a anall dooroaao ia tbo watar taHpaoatuv* at Waat Oraanlaad boold oauaa a 
tial toataiaod daoroaoo ia jraar-olaaa otroBth f or ooavaroolar, aa inoraaia ia Hi^aialui 

tbo yiald* At tba wort t it apptara tbat * aurUinad dooroMO ia tamparaiura at Hoot 

of a f*w tagrooo oould aliaiaato tbo ood atocka tbor f and would rodwoa tbo total ood yiold f^oai 
tbo SOlif rofioa by 300-400 ,000 tona. Snob * oliMtio ohaafa would ptobably alao 

affaot tba Labrador ood at<xto, and tboro AM likoly to bo aooooiatod cteafoo ia 
botb favourable and tmfavowrabla. 



JMdgpk . fhaao atocka aro alao baarily fiabad and dotailod aaaoaMaata aada aapooially of 
tba Qeortfaa In* (aub-araa 5} *took (aoo oawral IOUF domaaata aad publioatioaa of W IONM f 
Oownaroial fiiterioa). A littitod iaoroaaa ia yiold por roondt oould baaoblorad by avitabla 
latioaa. 

Toar-laaa Huotuationa aro, bowavor, voxy important ia tluiao fiobmiooi aufe-ara 3 
tevo booa roduood fro 104,000 tona to 9,000 toas batvaoa 1999 and 1969 and art^roa 9 oatobaa 
iaoroaoad from 70,000 tout ia 19(4 to 155,000 tcna ia 1965, partly too to oj^agao ia ywMiUoa 
_, . .. ^^ MU||M| of t)M|M 4ihtafM a^ a,* knotnu Prooioa aatteatoo of tao potmtlal yiold, 
oannot bo uaad f but if fUturo yoaiMiUoaaa aro not wr diffwaat tnm tte O.WMO of 
^ jS -; ^'i^'*J*i^* WO and 1964 f tHan tao potential ,yiald nould ba a littla abcm ttta 
tna 1960-4 armma (140,000 tan*) i**. 160-175,000 tona. 

Mao of tba rodfiab fiaimlao ia tba 



bar* boaa aada of Mao of tba rotfiafe ftafeariao ia tha 
1962, ^iMHmi* 1965)| iiit oaMtaaiaMi laaajioit . oartoaloll aa 



tew * (1* '000 **) O, 77, 33, !i,;6 f t, , I 

i JtamA !!hoMi 'MM -flttflli A, aMAnflik&itiA M 

> 'PPWw IJBP^m WW VMi^pH ^ Wn|NMpHP'nHMMn i'1PM 



** 



;iA 



to ooAf AA to roAl 



d ffdrt ! wt M Urn* M *Ukt 

A aMk* a^L '%IMB J^AiBftlt ** W 

,^ .JpV^Hff .^^MM, , 1PVMW ^^^M|HNP fl'J <WIP{ , - ^ 



tte fiolMvy LtApld 

lA AiAO ^ 

IA MvteiM 4 I , 

of mimo ff XIII), konAPirf 

AAt rot 



AortAllty Almt 




- - - 



oaqploitot oA/tt* 



tlma it^ro noald bo PO 



MpAfAtO 






AAtftiAB, AHA 



it &A AOt 

OOAlo! tO A tOtAl 



|HK|<, /H>O A%AWiAHoO)i of IftTOtodi 

If 30* of tiki HooAo? ooA to ompollA 

gt - - - - ' -** ; *^ 



of < to JO toAo JA 





It 



-^wj "-r,,^ym-<it -W^^^ 1 *^^ 

igkt be quita large. 
Hcyer* 



ia unlikely thrl tk* ate* of wolffiah ie , 

aro probably not tha woat efficient for 
In daop watar, oatohce of Xamride, 



aa wall aa on inrartabratoa, 
to quantitaJiYa data ara smilahla 




- Oad te*a boon raportad f aading on oapalin and lanoat fiah (Faralaflia 

a, imclwdiaf ahrinp (Znlitalt) ( tMSct 



found 



(1969) raportod catching egga and lartao of *yotopfcide f aa wall aa 
plaioa, in aub-apoa 2, but without dataila of how naqy of tha 

of tha lattor caught in tha whole ICTAF aroa wara in aub^roa 2* Largo quaatitice of larral 
app.) wara found in doap watar aaat of Ubrador V tha CW3DWIF expedition. 



abla 



: - A faaaral review of tbe 

ftddeok and redfiah, danaraal oatohea inoluda aubatantial quantitioa of 
aapooially Anarioan plaioo {Hippfr aft wao idee pi ataaao idoa ) Aaaaaananta of tbaaa bejva not 
but atudiaa now in hand ani Sa raoant jyaoraaaaaHEK f iahinf will aoon prodaoo raaaon 
Laagth data ahowod that, at laaat until rocantly, only tha biaat fiah caught wara 
auoaata that tha ttock aa a whola waa only inoonplataly utiliaod* Squid 
in quantitioa V trawl incidentally to othor fiah, aa wall aa by jiffingf tha ra 
larga. Annodytoa, and aona oapalin ara raportad >y Xaaatorff to ba naahad in approciabla 
noat of ia drand Baric in appiag* Gatdhaa of harrinf in aulnaram 3 haw inoraaaad rapidly, 3 t OOO tona 
in 1964 to Marly 23,000 tona in 1966 - following tha davalopnaat of a fiahary for reduction - and tha 
atook nay wall ba only lightly exploited* Saury (jSfiflttftEiaflZ, MOTBi^ haa oocaaionally boon roportod 
inahora in quantitiea, but tha ooourranoe ia irary vmriable (Tenplenaa and maning 1993)* There nay ba 




aubatantial quaatitiaa offahopo. 



Food of cowntpnlil apaoiaa - At, and aoon after apawning 9 nhan tha ood are inahore and feeding 
Intentively, 55| of their food ia reported by Tanplenan to oonaiat of oapelin. Sand lannoe 



^ ara aa important food for ood on tha offahope bank*. Spam wUlea have 

anting a variety of fiah * oapelia, cod, halibut, equid, wolffieh, and n "email black flea* (Sergeant 



1966)* Oapelin in a wajor itan for vbalea 
ca 0*5 nillicn toua (Sergaant MS)* 



aanla and thair total 



aatinatadat 



to bo fairly fully 
to ba full/ 



\^ which nay eleo, though with lean oonfidence,be 

pMbnbly white Mea 9 Huaiok 1967) in 4 T* ^autitiea of herring (44 9 000 tona ia 1969) w* aaokeral 
ara alao enagfet* It haa not yet bean ahowa ttet theae are fully exploited, and prebaUy tta oatohea 
of herring at laaat oould ba 

6.9 DiYiaiona d T. H. X - lorn Sootia 

of denereel fiah in 
v rodfiah, pollock and 



19tOOO 



tona batwaan than in 1969)1 tha 

1969 inoltttod 90,000 tona of aUvar haka, and anallar qoantitiaa of 
pad Iwto. tanaiia oat^oa of arpantinoa wara 9 f 600 tana in 196J, bat 
t966* O^ar yoi^ aaiMriartalty oamht in guantityt W not fanar ^ . 

and pgabably tha oatdhaa af aooja at laaat (*.. ai^onttnoa) <Kwld ba inoraaaod V ^ 
THa hiatory of tte ailTar haka fiahary, idiioH inoraaaod fron naarly notkinff in 1961 ta 




ia wobably 4aa to 



in atook f 



tn 



that 



* &&2 



tnw 



oould atand. Prerioua 
atook in earlier yeara v tfciok eould net 



Ja^ut at&ajEia flaau aflfeaMftl aaur 'ha i 

1 wyf^lr.. '* " ( ,^^r i 1 !?'"^^? ^T^r^T^^y ^2^ ^^ 

aioaally in 4to 19* ooSorr, to oa 30,0<X 
1967), d 15,000 tona now. Tbo oan*o of 
fitfcWf, aad aot ofetafat ia tbo atook tho 



probably inolndo 





Unlik* in othor auWroaa, ood at* baddook oatohao aako up only a ainor part of tfca total oat* 
(oa 20* in 1966). Vte fiahorioa on MM otter apooioa (rodfiai, y*ilowtail floundor) tar* oontimod 
lonf Tfufflijifh for ToainnaTilf food aaaoaaaonta to Juwa boon aadUif aad thooo atooka AMR to bo ffvirly 



lonf Tfufflijifh for ToainnaTilf food aaaoaaaonta to Juwa boon aadUif aad thooo atooka AMR to bo 
txploltod (Bwrtott nd Ioddf 1962, Ux 1967). 



far toao of tho aoot important atooka (tilw bako, aad it* ad i*it* bako, harrinf) no aaaoaa- 
i hawt yot "boon ooaplotod by ICXAf* A proliaiaary aaaooaaont of tbo ailvar hako atooka hat boon 



___ 

ado (dtai 

(196T\ tb 



1968>Aick oufgoota that thia apociao ia about ftdly oxploltod. Aa pointod out V ualok 
bma boon < -- . 



hava yot boon ooaplatod by XCBAF. A proliainary 
llaad 1968>Aicb tnfftttt that thia apooiaa ia i 

tboro baa boon oonaidorablo oonfuaion oonoorninf tho apooioa _ _ 

app. USSR raporta no oatoboa of whito hako (Uroshroia tanaia). altboufb aoaa aaat bo oaufht f "ITonI7 
inoidantally to othar apooiaa. It ia probabla tka-t tho lilk of tho USSR oatoboa, takan in wintor on 
alopoa of Ooorfoa Bank, waro in faot rod bako. 



Zt ia likoly that tho rod baka haa boon baarily fiabod. Rod baka ia atronfly oonoantratod ia tho 
wintor, ao that a larfo proportion of tbo atock aifbt bo takon with ralativaly low affort. Ibllowinf 
tho lutfo USSR oatoboa in 1965 aad tbo bofianinf of 1966, thoJBf oatoboa in 1966 woro wry low (ia tho 

967). Howoror, ainoo ortly two 
prodaotion of two yoara f it it 

, w . .-...,, T , .... oat in 1966 rop^otoat tnbttoa- 

tlally aoro than tho pootibla aaaoal awtfo oatob, and any ttill bo iota than tho potantial oatcb. 
Tbia, tUroforo, probably lioa in tho fiafo 70-100,000 tona. 



tho lajpfo U83H oatobaa in 1965 d tbo bofiin< of 1966, tho.QB oatobaa in 1! 
indwtrial fiobary 12,900 tona in 196$ and 2,900 tona in 1966) (Oraban 1967). 
yoar^laaaoa aro proaant in tho atook, and bonoo at oat tho aoowwOatod pro* 
tmlikoly that tba hih total oatobao of 72,000 tons in 1965 and 87,000 tons ii 
tlally noro than tho pooaibla oaanal aTtrat oatob, and amy atill bo lota thai 



Data OB horrinf aro not yot aooonolnaiTO, bat it appoara that fiabinf ia bavin* an offoot, and aati- 
amtaf t of atook aito aad fiabinf nortality froai data on tbo qwmtity of opawn, though abowinf jrott vari- 
ation fro* yaar to yoar, do tngaat that fiabinf ia n amjor aouroo of aortal ity (Mortwr and Einkoriob 
196?). 



M inforaatioa oa tho abundaaoo of f iab amilablo to bottoa trawlinf it 

afallai&o froa tho rotnltt of tho 08 rototMii Tottol turvojt (Prita 19o5) Vhit ouvaiv aa arta rathor 
froatar thaa aah aroa 5 - froa tho Hodton Canyon to aonthtra Mova Sootia. Tho ^Attribution ia ttrat of 
noBbora oaa^t par unit tiao it ahown at oontourt for 20 tpooiot. tho aroa of thoto oontourt aad tho 
tatoh rato within oaoh oootour oaa bo mod to fi^a aa iadox of aboadaaoo f or to* tpoeiot for that 
part of tho XOVIf troa (5 tad part of 4 X) tooludod ia tho oiwrtt* tboao, tofotbor with tbo roportod 
awafo ItafHi (ia iaohot) aad 19^5 oatonot in talMta$ro fivta in fablo . 



Ho vwry frooioo aaalywia oan bo 4oao with tho fifaroa in 7ablol winoo tho apooioo ooapoaition 

^^ i ^ mmm 4 A -AM *' ^-* ^IHk^t^^ ^_^^^^^^^ ,-^^_ ,m*i^^t M *- * ** 

wi OB now i ia .viavau* -vavoao avrwayw wvro owmtoa owi prxaaruy 
pooioo {o*f . ood, polloek) ano frobably batter rproaaato4 in 



oat^ot than otbort. Alto only doptba down to ateat 400 a oro fitbad f ao otooka ia doopor wattr 
Of tho tpooitt ia tho tablo probably avgoatiao and barrinf , at Itatt, art xindar- 






taUo ia tlao of ataadiaf orop in aoabora v whiio H aa|o iatomat horo ia in potantUl pro- 
daotioa la vtifht. Boapito that, tboro la a oortaia fritaaat botwaaa tho fifvroa of ataaUaf orop, 

' 4>- ... *.. ^ ^ -- i-'. . --- ... - -v- ~ 



(aa ia ifa^y Ittoly) -that tfe* oar 

.><fckA 



o+. . ^a Idgh total 

- ' "" 



ooald bo troatly laor aaaod, yoiUy ay tan 

Hio IJfiJ oo* Dttmtitg irtrt in 11 




of oortain opooloo from trawl 



aad total intofnatioaal catch 



HeiM 


Leacth Index 


Catch 




Lnchee(oa) 


(ton.) 


SMlpfe 


10 (25) 450 


1 - -, . v '.H 1 ^*,, 


OooMfiA (AngUr) 


24 (60) 70 


205 


tpttUfe 


12 < 30) 8,300 


9#SJ 


Soup 


10 1 25) 200 


6,509 ' '" '''''' 


Batterfiah 


8 '20 1 6,000 


1,7*4 


Witch Houader 


18 (45) *0 




Tellcwtall flounder 


14 l,35) 400 


37,397 


fomiMipot flounder 


12 130) 300 


(*/ 


Aaerleaa dab (plaice) 


24 160) 1,000 


3,523 


thongr tfkateo 


24 <60) 250 


2f340(b) 


tongHMimtfl hako 


10 I25) 750 


() 


Squirrel (Rod) hako 


12 '30) 2,700 


72|068(a) 


White hako 


28 (70) 1,000 


2|6ll(a) 


Pollock 


24 l!0l 1,200 
18 (45> 8 t 500 


154l?25(*) 


Cod 


32 I&X>) 600 


42,261 


Silver hako 


14 35 20,000 


323,242 


Argentine 


12 I30) 600 


9,453 


Herring 
Spiny dogfieh 


10 125) 2,000 
30 (75) 7,000 


74,303 
ail 


goto* - i;'i Rod and white hako aro probably not properly ooparmtod la tho 


tetuitiwf M* rt 


i >) Xnoludee all akatee 






cj lot recorded aeparately 


la ZCKAF etatietioa 




d) Average annual catenae i 


ire auoh leaa 





of tho hakoo ie aade difficult by tho oonfuaion of rod aad white hake (aad 

alec loor-f lined hako), la tho publiahed etatietioa (Muaiok 1967)* Allowing for tho difference la 

in Table A2 between red aad ili 



of tho Individual fiah, thoro io good agreement ui TUO no^ween FWL MB vunr WBV, 
of whlto hako aro my low. Wo unite hako are reported ia tho USSR catenae, aad although thoir 
oatohca of Urophrcie app. aro taken froa tho viator conoentrationa oa tho edge of tho baako t 

are probably all rod too, It ia certain that tho USSR auat catch MM white hake* Allowing for 
thio would give bettor agreement between oil three bakee, though it would atill appoar that catchoo of 
white hako could bo iacreaaodi eiaoc they aro large fiah, tho potential catch olumld be 
than iModiately auggeeted frca tho index of auaboro, porhapo 25-30,000 tona. It __ . , 
that i*lto hake doea not appear la tho ooae concentrationa aa rod hake, euitable for tho oporatloao of 
an induatrial fiahery or of factory ehipa. Catohee of long^finned hako '~ ' ' " ~ 
bo laoroaaed.but thia ia a eaall fiah, oad tte potential la leaa, perhapo 

fte Index of aboadaace in tho table probably la enunder-eetiaetefor argeatine and horrlag , oo 
although preeeat oatchee fit noli with tho Index of abundance, thie la act ~ 

la oatohoa could not bo attained. With eeapling reatricted to deptha leoe than 200 a, the 
of argentineo, wfeioh aro geaerally fouad deeper, wpuld bo partlcalarly 



Of tho othor apooioa ia faUo 42, rodfiah, buttarfiah oad dcgfiah oooar la tho 

to avttojt that thair oatchaa could ba iaeroaood aubotahtially. Tho ooonrroaoo of rodf iah la 
thla Uot lo Mfyrlataf, oiaoo tha hiatory of thla fiahory ia aub-aroa 5 * a rapid oxyaMloa la oatoboa, 
roachlac a poak of oTS f OOO toaa la 1J41, follcwod V * otoady dooliao - ouffooto that it hao boot 
baaTtU fiahod, Part of tha dlocr^aacy aay bo plainad V tha alow grcwth aad loaf lif a of rodflah, 
c that thapctotttial prototioa If *O/ a aall ftactica of tho otaadlac otoolu Aloe , aa 




la oatoh par aalt 

Prcbably 4 thottfora 

dia orop* %,,'/':,". ,'r-\ 



awojo also : 



1962), there aao not booa avoh a Mttod 
bo expected of a wfy heavily 

aot %o w oxtoat Ottggot 



of 
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Doffiah ara will know* pradatora, tad * reduction of tha doffiah atooka aifht vail laad to iaor*aa*d 
oatohaa of othar f iah. This cannot bo aatiaatad at proaaat aor iadaod io it known ufcothar reduction 
of othor pradatora, including invartabrata pradatora of larval fiah, Might not hava auob fraator 
affaota. 



Battarf iah (Poroaotua triaoaatbua) ia a aoutharn aaai-palafio apooiaa t aainly a 
aifraat lato XOVAf watara, at laaai iaahora (Bdwarda 1966). Catena* oould o*rtainly 
thoy ay ba aojrtly outaida tba ICHAP araa. 



bo iaoraaa*d, but 



6.7 



and l 



(au 



- S*tey*kov (1965) flpur* mnirlur of th oatohra of Uttt 



larva* 
InlUroh, AprU and May la aulCiroaa 2-5. Iba aoat anaaroua apooioa Mara aa followas 

Tablo A3- Oatohaa of agga and larval flab in tba XCHAP araa, oonparad wltb tba oowaroial oatobaa 



Larvao 



1969 oatobaa ('000 toaa) 

S U B- A RB A 

Total 2345 



*n 




3,4 

2,3,4,5 

2,3,4,5 

2,3,4,5 

4,5 
5 



p. 



3,4,5 
3,4,5 
3,4,5 

3,4 

f 

4,5 



11, 7 



2,090 



1,250 
467 
390 

405 

426 

2 

11 

10 



12,500 

2,725 

110 

190 

162* 

57 



51 

3 

20 
6 

10 



12 



212 23 112 68 8 
1,096 333 496 225 42 

5-41- 

262 I 8 180 74 
69 - 50 15 4 



45 

373 
249 



36 

92 

5 



3 

9 
2 

1 
2 
2 



5 37 
323 

155 



11 



2 

1 



15 
2 



* * Oapalin 






ia M^r/Aufuat ao tb*t tba larvaa ara poorly rapraaaatad ia tbaaa aaaplaa 



ia quaatit/ aitbar ia tba plankton or ia tba 



ial oatobaa. 



Ibr thoaa apacia* vbioh ara kaowa or bolUved to ba rathar felly exploited (ood, haddock, ailvar 
f ace* fleuadere) th*r* ia a degree of ifrnaant b*tw**a tha auab*ra of *gga and/or larvaa aad tba 
oatohaa. Quantitatively for thaao ap*oi*a, tha ratio of th* catch i* tone to the nuabcr of larva* varied 
batua** 4 f OOO (for American plaio*) aad 40,000 (for haddock). Per ao apaoi*a nara thara larga oatobaa 
without thara baiaf alao a eubatantial catch of larva** lttally f abuadaat larvaa oorraapoad oithar to 
a aajor oatabliahad f iahary, or baloaf to apaoiaa which ara at praaaat aot oowMdroially attractive. Th* 
exception ia tha halibat, which ia heavily fiahad, bat baa relatively large auab*r* of larvaa, though 
veil b* a eaapliag effect* 

apeaiaa hioh oaa aupply greatly iaoraae*d 
they aaa be effectively harveat*d) aad 

of laaac* aight be of the order of 
of toe*. ledfiah atooka aay be par- 

of radf iah larvae ia the aea per 

for agg^^rodaeiag apeoiea d*apite the 
than redf iah larva* (about ia proportion 
the ataadiaf orop of redf iah larvae 
to the ataadiaf orop of ood larvae* 
of the varieua etag** of both egge aad 
of th* redf iah larva* - aoot ef which are 



Tba tabla aoffaata vanr atrontly that tbara ara 
oatohaa, oapaoially lanaea (JMtrilrttff 9P)t ^rotopbida (if 
oapalia. A oo^pariaoa with otbar apaoiaa aagfoata that tba < 
illioaa of toaa aad of tba otbar apaoiaa of huadroda of 
tioalarly difficult to aaaoaa ia tbia i*ay 

lltfyMttWMI ^^MAMMMA ^IkAVMk AVA MA 1 AAMJUB 4n A 

vwwpr, wN^HHPw wMnrw vrw w *wv^v MI 

ait waifkt of adalt famalaa MOT ba oooaidarably 
faoarally lowar faoandity. 

to tbo oatob) aad ia propoHioa to tba rtapootiv* paraat a* 
ay ba aaro aaarly agual to tba ataadiaf orop of ood off) 
Nora atadiaa ara aoadad oa faonadity, aarvival, aad daratioa 
larvaa. Alao amah aora aaada to ba kaoim about tho rolatioa 



JI 



Tablo A4 - lotiaatod potontUl, ly iuWroa (in f OOO torn) 



Spooioo 



Cod 
Haddock 

Pollock 
Silvop hako 
Uhito hako 
Rod hako 
Halibut 

Aaopioan 
plaioo 

Oroonland 
halibut 

Tollowtail 
floundop 

Witch 

Othop bottom 
fifth 

todfifth 

Buttopfiah 
APfontinoo 
Xaokopol 

Oapolin 
Hoppinc 



250-300 20-30 1,400-1,800 1f 685 



ioo-aoo 



opitioall/ om 



(10)7 (x10)7 
(20)7 (20)7 

(*10) (*10) 



4- 

(5)*' 

' 



30-50 
50-150 
(10)7 



20-30 



(50f)7 



50-75 
350-500 

25-30 40-60 
70-100 100-120 
+ T-io 
( 10)7 100-300 



(20)7' 



JOt JO? 

(30)7 (10)7 



(50)7 



50-100 

50-100 

20-50 
(*100) 

250f? 
(50)7 



Squid 
Hyotophida 
Maopupido 
Sully 



(Z100)7 (z100)7 
(r 100)7 7 

7 7 
(x10)7 



(z100)7* 

(x10)7 

(z100)7. 

(z100)7- 

7 



z10? 

(50)7 (50)7 (100)7 

(100) 

15O-3007 150-300? 300-1,000 

(x100)7 7 

(x100)? 7 

7 7 

7 7 

7 7 



117 

24 

12? 
,10 
62 
15 

sr 

27 

38 

21 
184 

218 (d) 
2 

7 /HiotoPio oatohoo 
34 -< to_ 100,000 tow. 



(o) 

7 Good otooko IB 



Otter 



7 
590 



oibly a oiio atook 



TOP/ Mf iMnrril 



IB doop 

(f) 



TOTAL (A) 
TOTAL (>) 



480 
1,200 



420 
800 



800 

1,800 



920 
1,600 



1,000 
1,100 



6,500 



lotoot (*) Silvop hako potontial in oub^poa 4 ootUatod in oo^apioon with out 

ppobably lap** Tapiationa in otook, with only TOP/ fOw fiah ppooo&t in 

vMoGpaokon popoooaiX ooMauiioatioii)* 
(b) laowa^d oatohoo would vo^oiro opooial ppotootioa of oMll fiah. Lapfo qoantitioo apo 

OM<ht laoidontally Ir othop. tpawlopo X^ohlop 1?6?) t 

(o) looidontal oatohoo of Aaopioan plaioo, and larval data, mgioot * Bodopatol/ Itifo tooiu 
(d) T^ro io a ajop unooptaiuty ooaoonOnc tho j^dfiah OB tho oootinontal oholvoa, d thoip 

polation to tho lapfo qpantitioo of Urns ofht OVOP doop watop. Tho Aort Auratioa of 

MM of tho intoooo podfiah fiahopioo Mffooto local potontialo no fpoatop than fivoo hopo. 
(o) Co4ainly a laxio otook. Tho foaaibility of OOOBO^O harrootim OOOM to dopond oa ADnial 

ohaafoo IB diotribation (Toaploaan 1948)* 
(f) Tho oiiotottoo of a majop oooanio otook of Mnxgr hao boon M<ootod (liokop 1962), bt thopo 

io no fin oridonoo. 
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caught over deep water (Henderson 196$) - to the stocks of redfish presently exploited on the conti- 
nental shelf . Studies V Tcmplcman Cl9$?) on Mdl numbers of rcdf ish caught ty Icnf-linos over the 
deep water suggest on the basis of parasite infestation, that these oceanic redf ieh are indeed one or 
ore tooka separate fro* the redfiah on the shelves. 

On the other hand, the table shows that in relation to the number of larvae, catches of hake 
(both silver hake v and other hakes - Urophyois spp.) are already high, though being summer spanners 
they are likelj to be underestimated by egg and larvae surveys in the spring* This suggests that 
these stocks -My now be rather folly exploited. 

6.8 Sub-area 6 - Kiddle Atlantic (US coast) 

The biggest resource , other than the ooastal resources of oysters, blue oraba, eto. 9 which are 
not considered in detail here, is the menhaden. This appears to be heavily exploited, and no increase 
in yield seems likely. 

The silver and red hakes were greatly reduced by the increased catches in 1965-6 y and it seems 
doubtful if the high level of catch in 1966 could be maintained. However, under suitable management 
rather greater catches than the low 1967 catches should be achievable. Rough estimates aret 

silver hake 50,000 tons red hake 15,000 tons 

There are few quantitative records of fish eggs and larvae. Off Virginia, in samples collected 
during all months of 1999, Massmann j& al (1961) found that 70jt of all larvae collected were 
Aamodytes amerioanus. Flounders, butterfish (Poronotus spp.), sea robins (Prionotus spp.), anchovies 
[Anohoa spp.) and silverside (Menidia menidia; were the commonest other species, but none were parti- 
cularly outstanding* This suggests that in this area, as in other parts of the North Atlantic, 

could provide large catches. Perhaps the resource potential could amount to the same as 



Ammodytes 

present ca 



catches in the North Sea. i.e. 100,000 tons annually. A conservative estimate of 10,000 tons 
has been made by Or. K.A. Smith (personal communication). 

No good estimate can be obtained for the other stocks. Probably the catches of demersal fish 
(other than hakes) can be increased - up to a total of around 150,000 tone. Catches of pelagic fish, 
other than menhaden, can also be increased) possibly the potential of anchovies, etc. is about the 
same, in total, as menhaden. Including sand-eels with pelagic fish gives a total potential of around 
300,000 tons. 



Squids used to be caught in pound nets along the Virginia, Delaware and Maryland coast, and 
are caught as by-catch in trawling for other species. Adequate statistics are not available, but a 
moderately large potential seems not unlikely, say in the order of some tens of thousands of tons. 

6.9 Marine 



Seals support important fisheries in the northern part of the area. The most important species 
commercially is the harp seal, though other species - hood seal, bearded seal, grey seal and harbour 
seal - are found. The state of the two principal stocks - the. Oulf and front herds - of harp seals 
has been well studied (see papers and reports of the 1967 XCNAP meeting, especially the report of the 
Sea Assessments Working Group). The Front herd in particular has been drastically reduced in recent 
years, the estimated production of pups having fallen from 473,000 in 1950 to 230,000 in 1966 (Sergeant 
1966). The production of pups in the Oulf herd is around 290,000, and the sustainable yield around 
65 .-90,000 paps, or rather less in terms of numbers of animals, if juveniles and adults are taken as 
well as pups. Xf the Front herd is rebuilt to its 1960 level a potential yield of perhaps as much as 
250,000 pups could be taken. 

At the optimum population attendance the number of adult harp seals could be around 1-1. 5 million; 
the average weight of an adult is 350 lb (160 kg) or more (Templeman 1966) f so that the popula- 
tion biomase, including immature* would be around 2)0,000 tons. The consumption of these animals must 
be largef capelia is known to be one important element im the diet (Sergeant MS), Further examination 
of the food might suggest possible resources unexploited by man, of fish or sooplankton. 

Most specie* of large whales are found in the XCNAF area and have been intermittently hunted. 
Templeman (1966) suggests a sustainable yield of around 400 large baleen whales (blue, fin and sei). 
Pilot (or pothead) whales are taken in larger numbers (nearly 10,000 in 1956), but there are not suffi- 
cient data to estimate the potential yield. 
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6*10 Cruttaotant and mollutot 



art, txotpt for ctphalopodt, ditoutttd ttparattly in othtr ttotiont of this paptr. Squid 
art oortainly common In tht arta. Catohtt of Illox illtoebrotut up to BOM 10,000 ion* art taktn by 
Htwfoundland, mainly for bait, Tht quantity taktn varitt froaTytar to ytar, appartntly dot to ohangtt 
in distribution. It it ctrtain that tht oatohtt art only a Mall part of tht pottntial. Mott of tht 
animals art only ont ytar old (Squirtt 1957), so that tht pottntial oatoh is likoly to bo A fairly high 
proportion of tht probably large tandin* ttook - maybe of tht order of hundredt of thoutandt of tont. 

7. SOWAftT AND DISCUSSICS 

71 ltt 4 " M> ttt of pottntial yitld 

Partt of tht arta art vary highly productive and this it rtfltottd in tht importanot of tht arta 
a a fishing ground to many nationt. Howtvtr, many of tht ttookt art now hsavily txplpittd, and many 
of tht lightly txploittd ttookt art Ittt inmodiatoly attractive Tfee probablo pottntial yitldt of tht 
aort important sptoits nay bo at shown in Tablo A5. 



In Tablt A4 a dtfinitt fi^uro hat boon giTtn whtntvor pottiblt. for aovt ttookt only an ordtr of 
agnitudt can bo tuttttd. Ttt figuros for tht total havt boon thown, (A) giving tht tuts of tht 
pottntial yitldt for thott ttookt for whioh tnough it known to givo a dtfinitt tatiaatt. Total (B) 
inolodtt all ttookni tht pottntial for thott ttookt for whioh only an ordtr of aagnitudo oan bo euggtt- 
tod hart boon inoludod by taking (x10)? at 30, (z100)? at 300, tto. Tht figurtt havt boon roundtd off. 

Thttt tttimattt havt boon muoMariitd in Tablo A3 and tht pottntial yitldt tzprttttd aa yitldt ptr 
aroa of tht thtlf. Kioto rang* fro 3^-121 k^ha, whioh art very timilar to tht tttimatet in tht 
lorthoaat Atlantic. Ikt high valut for Wttt Orttnland is probably dut to noh of tht fith production 
ooning from primary and ttcondary production ooeurring off tht bank*, and brought in by ourrtntt. 



Tablo AS - 



of pottntial yitldji in tht ICVAF tut^areat 









Statistical 


Arta 










1 


2 


3 


4 


5 


6 






West 






Nova 


New 


Niddlt 






Qrttnland 


Labrador 


Htwfoundland 


Sootia 


England 


Atlantic 


TOTAL 


Aroa ('000 km?) 


85 


100 


490 


310 


185 


90 




Pottntial oatchts 
















('000 tons) 
















Pelagic 


600 


300 


900 


900 


400 


300 


3,400 


Dtoertal 


600 


500 


900 


700 


700 


150 


3,550 


TOTAL 


1,200 


800 


1,800 


1,600 


1,100 


450 


6,950 


Pottntial (kg/aa) 
















Ptlagio 


71 


30 


18 


29 


21 


33 




Dtatrsal 


71 


50 


18 


23 


39 


17 




TOTAL 


140 


80 


36 


52 


60 


50 




1967 catchtsC 000 tons) 






t . 




Polagie 


5 


1 


92 


286 


297 


180> < 


861 


Dtatrsal 


454 


327 


1,011 


410 


341 


80* ' 


2 f 623 


Mollutcs (b) 









10 


78 


354 


442 


Crustaotant 


6 


- 


- 


17 


15 


44 


82 


TOTAL 


465 


328 


1,103 


723 


732 


658 


4,009 



Hottt - (a) Rtoordtd figuroi (Apptndiz Tablo A2) roundtd up t lightly to allow for unrtporttd oatoh by 

tportt fiahtrmtn 
(b) Soj&id* inoludod with ptlagio fith 
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Rtquirtatptt for ftrturt, rtataroh 



ATM it oat of tht test know in tht world, and for tht n*in purpotta of tht prtttnt 
ttudy (rag* attttmtat of tht ttatt of tht ttockt, and idtntifioation of opportunist for Incrtattd 
oatohtt), nny Qf tfct tatiaatta art adtquatt, For tht aott htavily fithtd ttookt (ood and haddock) tut 
Mia uaotrtainty oonotrnt tht rtlatioa bttwttn adult ttook and tubttqutnt rtoruitatat (t,g, if tht low 
rtcruitatnt to tht Otorgtt Bank haddock iinot tht 1963 ytar-oiata dut to low adult ttookt). Thit rtla- 
tion It oritioal la dttmiaiag tht tfftot of high Itrtlt of fithiag mortality, and tht optiaun Itvtl 
of fiahiag, tot dott not *iaa afftot tht tatiaatt of pottatial yitld. 

tht tttiaatt of rtdfith pottntial atill hat a grtat unotrtainty btoautt of tht unknown dtgrtt of 
oonntotion bttwttn tht txploittd thtlf fith and tht ootanio fith. Ttffia* would rttolvt thit, but 
apptart impractloablt. Anothtr poatibility it an txantnation of tht appartnt abimdanot of ootanio 
lanfM 9 tf in plankton rtoordtr oatohtt t to dtttraint whtthtr thtrt hat btta any dtortaat attooiattd 
with tht dtortatt in tht thtlf ttookt. 

for othtr txploittd ttookt (htrrinf f floundtrt, Dakti 9 ttc.) oontinutd atudita alonf tatabliahtd 
lintt (analytit of oatoh and of fort ttatiatioa, aft oonpoaition data, ttoj nay bttxptcttdtofiYt iaprovtd 
tttimttt ahortly, ttptolally in vltw of tht largt onan^tt in fithinc tffort on thttt atookt that havt 
rtotntly ooourrtd. Tht tttiaattt for othtr rttourctt (Anpodyttt. tquid, ttc.), whilt rtry Inprtoltt, 
art Ittt taty to i^rort, Ultiaattly, tht aott rtliablt tttlmattt will bt obtaintd afttr tubitantial 
txploitation ooourt, Surrtyt - of tfgt and larva t, or with fiahinf gtar or aoouttioally - oan fivt 
iaprortd tttinattt of ataadinf ttook, though for tomt tptoita, tf. tquid, tht firtt rtquirtmtnt it to 
dtritt tuitablt Mthodt for aaopliaf tht aninala. 



Thttt totalt aiiould not bt ooatidtrtd aa nlmplj additiTtj tuffioitntly larft oatohtt of oaptltn, 
for taawplt, will ttnd to dtortatt tht food tupply to, and htnot ultlmattly tht oatohtt from, tht ood 
ttock. Iqually tht ood fithtry auit hat 9 to aont trttnt, rtduotd tht production on oaptlin, and 
htnot iaortattd tht pottntial oatohtt by nan of captlin, and othtr tptoitt* Howtvtr, thtrt it ao tvi- 
dtnot to fUffttt tat ood oatohtt would bt advtrttly afftottd to any ataturablt dtfrttbytvtn quittatub- 
tantialoaptlinfiA7t Tablt M dots f howtTxv tuotit that whilt. tht eatohtt of tht traditional tptoitt 
ay not bt frtatly iaortaat^ tht total oatoh ftaa tht ICMAF arta night wall bt doubltd in wtight by 
fithing for othtr tptoitt though at prtttnt thttt tptoitt art Itti valuablt than thott now bting hta- 
Tily txploittd. Apart fro* tht uyotophidt, which would prtttnt tent ttohnioal probltmt of both oatoh- 
ing and proottting 9 tht aott profiting tptcits, or olottly rtlattd tptoita (captlin, Aamodyttt. and 
aquid) 9 art tat objtotivta of Major fithtritt in othtr artat. for many of thttt a olottr txamination 
of tat data prtttatly availablt on dittritotion and liktly dtntity and a compariton with othtr artat 
ahould prorldt bttttr tttiaatti than tat rough figurtt abcvt. 
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1. TOPOOH1PBT 

1.1 The area treated here ie the aaae M the XGBS atatiatioal area| that ia, f*oa Cape Farewell at 
the northwcet aad ffcnya Zoalya at the northeaat to the latitude of Gibraltar (36I) ia tho oouth. 

For eubeeqaent analyaia it ia convenient to ccnaider five aajor aabdivieioaas northern water* (aub- 
areaa X, XX, T aad CT of XOB8)| the forth Sea plua /the Skafemk aad Kattegat (euWrea XT and 
Divieioa XXX a)} aouth aad weat of the Britiah lalaa (n Md 11) | the Baltio, plua tho Belts (plvieione 
XXX b, o and d) Md aoatham watara between 36*1 and 4&*f (Till and IX). 

This breakdown agreee Texy oloaely with that of the forth laat Atlantic Fiaheriee Oeaadeeionf the 
firot aad laat areaa oorreepond to BIFO Befiona X and XXX reepeotivcly, aad tha oecoad and third of 
tha preaent areaa ocrreapcnd to Hefion XX of BBIFO. Tha Baltio liea outdee tha B1AFC 

1.2 Tho continental ahalf in the northern area ocnaiata of (i) the loaf eaateni ooaat of Greenland; 
oat of thia ia ice-oavored Md the proSoSTvTaree ia relatively *ite eMll| Iii) the area round 
XoelMdf thia ia reliable ia extent, raaohinf up to arcund 90 ai ftroa tho ooaat, with tho particular 
laigo areaa of Faja Bay Md Breda Bay M the weat ooaot (the total area out to the 100 fie contour ia 
arcoad 125,000 kaF)| (iii) the area round Faitee, including the Faroe Beak, which ia aeparated froa 

tha ahallcw watara rcund tho ialanda IQT a channel deep enoofh ' to fom a barrier to tha ova*cnt of 
deaoreal fiah'(tae total are* ie about 17,000 krji(iv) the weat and aorth ooaata of Mm* (few 
620fX* (thia ia a narrow aad foneimlly reeky ahelf)^Trawlinf ia pcaelble ia a few areM, the Mat 
iaportaat beiaf the vciy narrow grounda ia tha aerth~off Lcfotenf (T) the Barenta Soa - thia ia a reiy 
laife area oa 1,300,000 ka 2 , bounded \y Bpitabergea, Frana Joocph lead aad fevejra Zcalya, of which the 
ncrth-eaaten part ia generally ica covered far aueh of tha year, aad has liaited protoetiem* For 
flahaiy purpoaea the iapcrtant parta ara the eouth-eeet ana part of tho BarMta Sea (part of tho Mb- 
area X af ICW Md the Bear Ialan<Wpltaberfen Shelf (laTiaicn XX b), which ia eopa*ted frea the 
acttth-eaatarn part V a oderetely deep Bear laland Channel (oa 600 a). 

Aa oaaaidored here, Md M defined for pupoeea of fiahenr atatiatiea, tho forth Soa sad adjacent 
waters are bounded ia tha south at 91*, ia tha aoHhvost at 4** Md tt* (i.e. linea naaiaf a little 



weat sad north of tho Ovfcaaje Md Shetlaads), aad liaee at the southeni and of tho Kattefat Joiaiaf 
Zealand to tho ooasta of Jutland and Sweden. Tho approxlaata area of ahelf laaa thaa 200 a (which 
iaoludaa all thia area except a emll part ia the aorthwaat, and a deep channel off tha ferwefian ooaat) 
ia about 350,000 ka 2 ia tho forth Soa proper (Feirbridfe < 1966, firea M araa of 575iX> tf for an 
area which Includaa the Iczveflan deep water, bat excludee the area to tha weat of tho (MoMya). South 
of tho Dotfer Beak the water ia ahallcw (leaa thaa 80 a), but fraAially daepena northwarda froa the 9 
Doffer Bank to 100 fit aad acra. Tho Skaiemk and Kattafat contain a farther area of about 40,000 ka% 

Tha othor water* round tho Britiah Xslos OM be divided into (i) tho ieolatad Bcckall Beak (XOfB 
BeiiM IX b, area within 200 a about 12,000 fce*)| (ii) the west ooasts of Scotland aad Ireland to 



54*30'I (n *, about 100,000 ka*) f which iaoludaa hath tho aroa of faaafully raalqr Md uaana botto% 
batwaaa tho labxidaa Md Soottiah aainland, aad tha fairly wida (about 90 ka) aad rathar aaaothar 
ahalf hotwoM tho Babiidaa Md tha odco of tho continental ahalfj (iii) tha shallow (oa JO i) Xriah 
Soa (jDitiaiM VII a f about 100,000 *f)\ (IT) tho woat.ooaat of XralMd, iaoludiaf tha partially 
iaolatad Foroapiaa Bank - batwaoa 54I Md &WJ (DiViaicna HI b Md c). Tha aholf doapaaa * 
rapidly to 100 a, but ia fairly wida batwaM 100 Md 200 af total araa ta 200 a ia arouad 30,000 ka*| 
(T) tha Britiah Channal (DiTiaicn YXX f, about 12,000 ka?)t (ri) tho tefHh Ghaaaol (filflsiona HI d 
Md o), which haa an araa of about 79,000 ka?, Md M ararafa dapth of acaa 50 ai (wii) tho aroa aouth 



aouth* 

;, h, J, k), whara than ia a wida ahalf, aoatly batwoaa 100 and 2 
tha total aroa is about 170,000 taF. 

Tha total araa of tha Baltio ia about 420,000 ka 2 . ill of it is ahallcw (avtrafa aa JO ft), aad 



tha Oulfa of Bothnia aad Finland, aad othor araaa ara ioo-omrod tor Mch of tha wintar. Kaoh of 
Skafarrak ia aodarataly daop (7,500 a). 

Tho aouthom watara araa, aouth of 40m, CM bo aplit into tha part off tha Fwach ooart, M tha 
aaat aida of tha Bay of Bia<My, whara tha ccntinantal ahalf ia acdarataly wida about 100 n.at 
firinf a total ana of ahalf out to 200 a of 100 ka 2 , and tha raxy aaoh aarrawor ahalf alaaf ~tha 
Spaaiah Md Portuiuoao ooaats about 40 ka wida, Md M aroa of 60,000 kaf . 
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2. HTDHOORAPHT 

Tho igrdttgraphy of tho area ia dcalnated V tho forth Atlantic Current and ita offtfhoeta, which 
bring warn water over neat of the northern parta of tho area (Sohott 1942). Tho warn Iimiagor (fervent 
Hewing anti-olookwiec along tho aouth of Iceland ia aopaimtod fron tho Greenland ooaat to/the oold laat 
Greenland Current. Tho aorth aad oaot ooaat* of Iceland are alao covered by predominantly ooid water 
fron tho laot Iceland Current. 

The loagoat extension of tho forth Atlantic Current after paaoing tho Faroe* gooa northward along 
tho woat ooaat of fcrway, aad divide* Into two ara*, oao northward* to tho woat ooaat of Spitabaifan 
and tho other along tho north ooaat of forway. Thaaa two current* oover auoh of tho weatorn aad 
aouthem parta of tho farenta Soa with relatively warn (on 4*0) and productive water. 

Atlantic wator flowing roand tho north of tho Shetland* fora* tho nain current into tho forth Soa, 
with a aaallor inflow between Shetland and Scotland and alao froa tho Sagliah Channel. Thooe, with 
tho generally *trong tidal noveneata produce a eea^plex, but generally anti-oleotewiec clroulation within 
tho forth Sea* South of tho Dogger, tho wator oolaaa ia nixed for tho whole year, but ia the aorth a 
thoxaoeliaa feme in tho aaaaor. 

With ita narrow and ahallow oatraaoo tho Baltic ia out off froa aajer oceanic influence** Inflow 
of frofltemtor ia very Urge (about 2% of the total voluae) *o that tho aalinity ia low, vaiyiag froa 
2V30*/eo on tho botton in tho folta, to 5Voo or lea* oa tho aurfaoe ia tho Gulf of Bothnia and tho 
Oulf of Finland. Outflow of low aalinity water on tho eurfaoo ia balanced by inflow of higher aalinity 
on tho bottoa. Son* aajor change* ia tho total productivity of tho Baltic aay bo linked with ohaagea 
ia tho Inflow of wator froa tho forth Soa. 

3. FfDUaT PBODOCTIQf 

Studlea of prinary production have boon aade by a largo nunber of author* uaiag a variety of 
aothoda ia different parta of the area, A detailed review will not bo atteapted here, especially aa 
naay of tho atudle* have been aade in inahore ooaatal aad eataaiiao water* where there ara likely to 
bo large real difference* ia annual prlaary produotica, aad individual obaeiraticn* aay bo far froa 
typical of tho whole area. A ohart of prlaary production throughout tho world (lela and Laeva*tu 
1962) aaggoita that the lortheaat Atlantic eepeolally in tho area between Faroe* and Iceland contain* 
ana of tho neat productive area* of tho world. Variation* of productivity within tho area night bo 
boat atudled 1y exanlaation of plankton (tending crop (e.g. froa plankton recorder data), rather than 
by extenaive direct aoaauriaant of production. 

2 In tho forth Sea, Staaia ( 1965) considered that the annual produotion waa ia the range 5<M50 gC/ 
a /year aad uaad a figure of 100 j$/ar/year. Ouahing (peraonal ooaaaaioatioa) oonaidora tho poaaiblo 
rang* ia aa wide aa 44-200 gC/a*/yeer. For the preaaat purpoae, a figure of 100 gQ/a*/yoarswill be 
ueed. Thia give* a total fixation of carbon of 55 x 10 toaa par year. (5)0 x 10 ton* wot weight, 
if oarboa ia 10* of wet weUht.) 



fciaaiaa aatinataa (Bcgdanov, paraoaal ooaaunication) for Barent* Sea 1* of aa annual produotion 
of 1,200 x 10* toaa wot weight of phytoplaakton (appvozinatoly 1,000 ^aYycar). 

4. SECOnDAJff PRODUCTIGvT 
4.1 Zooplankton 

Tho regular plaaktan recorder aurvey* oarried out by fdiaburgh Oooaaogrophio Uboratcry give very 
good information on tho diatribution aad abundance in tho area covered ~ tho forth Soa and tho Atlaatio 
froa Iceland aad woat Sorway ia the aorth to Uahant in tho oouth. Thooo aurvey* give tho diotribution 
in torn* of nuaber per unit voluae juat below tho aurfaoo and, therefore, cannot bo uaad to give 
quantitative eatinate* of tho abundance par unit area unlaao aaauaptiea* are nada conoemlag tho 
vertical diatribution of tho orgaaiana concerned. However, they do provide auoh the boat presently 
available data on tho diatribution of plankton in tho aim. 

Tho diatribution of oopopoda, probably tho neat inportant alonant in tho aoopiaakton, ia given by 
Colobrook at al. (1961). Tho aoat iaportaat oioaeato aro Aoartia opp. (up to 1,000 + individual* par 
aaaplo - 3 a^Tl Calami* finamrohiou* (300 + par aaaplo) aal firf- and Faoudooalamia app. (1,000 * per 
aaaple). To oatiaato total landing crop ia weight there ahould be an adjuataaatfer tho different 
aiaof P*ra aad Faaudooalanaa aro about oao third tho length (and, therefore, about oao thirtieth tho 
weighty?? Calanua (duaJSag and Vuoetio 1963), ond Aoartia ia aloe aaallor than flifffjj 
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Allowing for thtst difftrtnota in tiat the largeat average atanding crops art in the oceanic 
araaa off tht wtat ooaat of Norway and parta of tha arta between Iceland and Farota, with nort 
than 300 Calanua par sample. If it ia aeeuned that tha average weight of tha individual ia that 
of a atagt IV, and using the length of 2.3 an, and quoted length-weight relation of Kanahilov 
(1991) fiven (for tha North Sea) ty Cuahing and Vuoetic, tha average wet weight ia around 0.25 ng 
Tha total weight in tha area of graataat atanding orop ia than > 75 mg/earaple, or > 25 ng/n* f or 
(if tha aurfaoa density appliaa to a depth of 100 ), > 2.5 g/n 2 . 

Slightly lowar atanding orop (100*300 Calanus/aample or parhapa 0.8-2*5 g/ 2 ) wart found in 
tha northern lorth 8ea f othar parta of the area aouthaaat of Iceland, we at of Scotland, and 
(allowing for a proportionally greater contribution of othar eopapoda) aouth of Ireland* 

In othar parta of tha area atudiad (southern North Sea, and waat of Uahant), tha atanding 
crop, particularly of Calanue waa low - even allowing for tha largar number of othar epeciee, 
probably not Here than equivalent to JO Calanue per tamplt, or 0*4 g/fl wot weight. 

Thaae art atanding cropa. There are aavaral ganarationa aaoh year, ao that tha production 
will be aeveral tinea tha atanding orop* For inatanoa tha data of tha number of Calapus caught 
during tha latar oruiaaa reported by Cuahing and Vucetic, during whioh recruitment of ataga I 
Calanua waa snail, givaa an inatantanaoua mortality rate of 0.3 par 10 daya or 11.0 par year. 
If thia waa tha average mortality rate throughout tha yaar than tha production would bt 11 tinea 
tha atanding crop* Taking TO at a oonvanitnt approximate figura - whioh nay not ba conatant 
over tht wholt araa oonaidarad - aatinataa of annual ooptpod production of fron 4 to ovtr 25 
g/n 2 wtt weight are obtained* 



Nora dttailtd atuditt of aooplankton atanding orop (though utually not of production) havt 
been wade for particular area a, aaptcially in tha North Sea and Bngliah Channel. (Thttt havt 
not ytt bttn txaninad in dttail), Steele (1965), uaing rtaulta of tht Aberdeen Laboratory. 
dtrivta tatinatta of Calanua production in tht northern North Sea of a minimum of 6*4 gC/Jr ptr 
ytar, Thia ia equivalent of oa 65 g/n z wtt wtight * oonaidtrably grtattr than that obtaintd 
above. Apart fron potaiblt rtal difftrtnott due to plact or tint of eampling tht diacrepancita 
nay bt btoauat tht plankton recorder undtr-tatinatta tha true abundance, or incorrect valuta of 
mean wtight of individuals uatd here. 



For othtr partt of tht Northtaat Atlantic Rutaian aourcoa (Bogdanov personal communication) 
givt for tht Parents Sea a total aooplankton bionaaa of 40-42 x 10* tona and (assuming 2*3 
generations par ytar) an annual production of 100 x 10 tons wtt wtight. For tht area of 1,400,000 
kn? y .these f igurta art tquivaltnt to an avtragt atanding crop of ca 30 g/m* and production of 
70 g/n* wat wtight. Tht oonvtraion factor fron atanding crop to production may bt too low. For 
example, if thtrt art 2 gtntrationa ptr ytar tht atanding orop ia likely to bt considerably laaa 
than tht production of ont gtntration unltts thtrt ia oonaidtrabla ovtrlap bttwttn gtntrationa 
and thtrt ia little mortality anong ont gtntration until tht ntxt gtntration it wtll grown. 
Againtt this, aont of tht inportant tltntnta in tht Barents Sea cooplankton may havt only ont 
.gtntration ptr year, 

4.2 Benthos 

Though quantitative work on banthoa haa a long history in tht arta (Peters en 1918, Belgrad 
1930), thtrt havt bttn comparatively ftw rtctnt studies, particularly on production. Aa pointed 
out by Steele (196$) eatimation of production ia made mora difficult by tht widt rangt in tht 
ratio of atanding oropt production for different tltntntt in tht botton fauna. Stttlt dtrivea 
an estimate for annual production in tht North Sea of 5 gC/n? or perhaps 50 g/n 2 wat wtight 
(ignoring ahalla of molluscs, ate.)* 

In tht Baltic aatinatta of btnthoa atanding crop have been nadt for tht wholt arta (Zenkevitch 
1963) as followst 



Table B1 - Standing .took *T bsnthos in the Baltic 
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Area 


Total biomaes 
(thousand tons) 


Density 
(!/?_ 


forth of Oulf of Bothnia 
South of Gulf of Bothnia 
Oulf of Finland 
Gotland Baain 
Southern Baltic 


9 
1,200 
1,200 
3,500 
4,600 


0.2 
12.4 
57.0 
25.0 
60.0 


TOTAL 


10,509 


Average 15 



Assuming that the mean duration of life of the benthoa ia one year these figures aight be 
taken aa equal to the annual production. (Further data on benthos production are available in 
the literature, and should be examined.) 

5. FISBl/ 

5.1 The fisheries 

The fisheries of the area include some of the oldest in the world. The forth Sea waa the 
cradle of modern trawling, and intenae trawling haa been carried on in all parta of the area for 
a considerable period. The area moat recently exploited has been the East Greenland area, firat 
by Carman trawlers in 1950, and later Igr some ether countries. Successively in different parta 
of the region the trend haa been first an increase in fishing, followed by a stabilisatioa ae 
catch rates drop and the inoreaeed effort ia diverted to more distant watere. 

While trawling ie the meet important gear for demersal apeciee other important fisheries 
for cod and other fiah are carried on lagr other geara, especially in northern forway (particularly 
Lofoten), and Iceland. Bare puree aeinee have been recently introduced, in addition to, and partly 
in replacement of, other geara, hand and longlinea and gill note. Especially in the forth Sea 
Daniah seining, both by the Danish (anchor) and Scottish (fly-dragging) methods are important 
for plaice, cod, haddock and whiting. In southern watere bull (pair) trawla are ueed. 

Barring fiaheriss off Iceland, forway and ia the forth Sea, are among the most important 
and longest established, but recent developments have changed the nature of the fisheries. In 
the forth Sea, the traditional drift net wae slowly replaced by trawl fishing (both bottom trawls, 
and particularly moat recently, pelagic trawla) until, in 1964, the forwegiana developed puree* 
eeining in the open northern forth Sea. The major part of the catch ia now taken by purse-seine. 
Also the northern stocks, off Iceland and forway, and in the high eeae between, are now mainly 
exploited by puree seine, but there ie an important USSR fishery with drift net in the open 
Atlantic. 

In the southern areas there have been fewer ohangea in the pelagic fisheries! the most 
important remains that for young pilchard (aardine). 

An important development within the laet ten years haa been the growth of fisheries 
specifically for fish meal. Apart from the growth of fisheries on epeciee already exploited 
(herring, fcpreta, mackerel), new fieheriee have started, especially in the forth Sea, for epeoiea 
previously unfiehed - Asyodytes* yrieyptefua esttarfcii. etc. Thess are largely caught >y small - 
meshed trawls, and which haa caused acme difficulties in nanegeatnt through the incidental catches 
of other epeoiea * haddock, whiting, etc. 



\J Oruetaoeans, and molluscs (other than cephalopoda) are being examined in a asperate review 
and are not considered here. 
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5.2 Statietios 

Statistica of catches in tht area (including aome adjacent watere - Weat Greenland, Horth- 
weet Africa) and aome data on fishing affort have been collected and published by ICBS ainoa 
1906. fha general atatiatioa ara given in tha annual Bulletin Statietique, while in tha laat 
faw yeara data! ltd atatiatioa of catohaa and affort by email araaa f and alao length oompoaitiona, 
hava baan iaauad in tha Statistical Newsletter for oartain atoeks. These atatiatioa ara 
outstanding both in datail and in tha length of tina oovarad. Until 1964 oatohaa of non-member 
oountriaa of ICES wara not included; tha aoat important ara tha oatohaa of laat Germany 
especially in tha Baltic. For son* count ri as tha raportad araa of oaptura corresponds to tha 
araa in which tha port of landing ia aituated,,and not vhara fishing was actually oarriad out. 
This has laad| for example, to a aarioua undsr-astimation of Spanish fishing off tha waat ooaat 
of tha British Isles. Tha summary statistics for tha year 1^62-66 ara given in Appendix Table B1 

5.3 Stook assessment 

Datailad atudiaa hava baan oarriad out for aona atooka - tha demereal atooka of tha northarn 
araa f and tha ha r ring - ty working groups aat up by ICBS to adviaa tha Forth last Atlantic 
Fiahariaa Commission (RAFC). For tha damaraal atocka tha oonoluaiona haya baan quit a clear, but 
oonaidarabla doubt still ramaina oonoarning tha praoiaa status of tha harring atooka* Another 
ICBS group ia now oonaidaring tha North Saa stocks; aaaaaaaanta hava baan mada alao by individual 
scientists* Littla work haa 9 howavar, baan publiahad oonoarning tha southern stocks, or thoaa 
to tha waat of tha British lalee. Tha present atata of knowledge of the atooka in tha varioua 
araaa ia given below* 

5*4 lorthern area (Oreanl and to Barents Saa) 
(a) Separation of atooka 

Beep water Maintain! the separation of the Major damaraal atooka (cod, haddock, plaioa and 
possibly coalfish) - thoaa at Iceland (but there ia significant movement of ood batwean Iceland 
and Bast and Waat Greenland), the northeast Arctic (Barents Sea, Boar Island-Spitsbergen, and 
northwest Horway). and Faroes (where the atooka on Faroe Bank are largely separate from thoaa 
round tha Islands)* There ia eome interchange of ooalfiah between theaa araaa, and with tha 
atooka round tha north of Scotland (ICBS 1965)* The separation of radfiah atooka ia not 
known, particularly regarding the relation of the etocka now exploited on the continental shelves 
with the large number of larvae found over deep water (Eandaraon 1965)* though it ia probable 
that tha atooka in tha northweat are separate from the o there 

There are aaparate groups of herring with both apring and summer spawning. Spring spawning 
in tha area oooura off the west ooaat of Norway, south Iceland, and on tha Faroe) Plateau* 
Summer spawning oooura mainly along the aouth and weat ooaata of Iceland* Though separate at 
spawning time they mix on the feeding grounds north and aaat of Iceland. Herring from tha 
Atlanto-Scandian atock of harring alao apawn on tha northaaatern and northern adgea of tha forth 
Saa Shelf, and off tha north and weat of Scotland (ICES. 1966 a. Annex II). Whan caught on thaae 
grounda they will appaar in tha total oatoh atatiatioa for tha Vorth Sam or waat of Scotland, but 
thay ara ojudta distinct from the jlorth Sea atooka. With these exceptions there ia probably little 
movement into or out of tha araa. 

(b) 



Cod and haddock 

Tha atata of the ood and haddock atocka in the northaaat haa boon reviewed by the ICBS 
Arctic Working Group (ICES, 1966Xt *""* *) Thi * *""* ***** *>th atooka had baan greatly 
affected by fiahing, and that increased average oatohea could be achieved only by reducing tha 
amount of fiahing, or by protection of the email fiah (e.g. uae of larger affeotiva mash sis* 
by trawl era). The actual average oatch will depend on the recruitment; for ood thia appears to 
be related to the parent a took, with maximum recruitment poaaibly occurring at an intermediate 
parent atook (Oarrod 1966), Between 1945 and 1963 the average ood oatch waa 800,000 tons. 
Theaa oatohea include an element from the reduction in atanding crop aa wall aa from current 
production, but allowing for better management, the possible annual oatoh from yeax^olasses 
with tha same average atrength aa thoaa in the fiahary batwean 1945 and 1963 (i.a. thoaa from 
about 1937 to 1958) ia in the range 800,000 * 1 million tons. If, however, the stock/recruitment 
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ourvo has tht doot shapo suggtstod 17 Oarrod, thon if tho adult stook is maintained at tht ItYtl giving 
tho grtatttt avorago yoar-olafts, tho ysar~olass strsagth might bo 2# abort tht 1937-5& avsrags. Thus, 
unloss tbsro art othor dontity~dopsnd*nt tfftott, o.g. rtduotd growth suoh as suggssted IQT Ponomaronko 
(1967) would give possible average oatohos of 1 to 1.2$ Billion tons. Also, if adtquatt management 
. measures are not introduced, and tho adult etook remains at this present low level, than avorago recruit- 
ment Mgr also remain very low, and average oatohes bo perhaps no more than 500-500,000 tons. 

Lets *is -known concerning tht state of tho haddock ttooktj bat tho available evidence suggests 
that with proper management mverego catches oould bo rathor higher than tho rtoont artrago, say, a 
potontial 200,000 ton*. 

Coal fish 

Tho otato of tho aaitho (ooalfiih) atookt has boon txaodntd \g tho XOSS ooalfiah working 
group (ICES 196$). Thio oould not roaoh anj voxgr prooioo ovtinatot of tho of foot of flailing. Unliko 
tho ood and haddock, whoiw oain aroa of fooding and growth it tho Barantf Boa, it appoaro that tho 
ain ara for juronilo ooalfiah i along tho woitorn lorwogian ooaot, whoro thoy aro fithod V puiwo 
oinoa. Catohos fluotuato oonoidorabljr, largoly duo to roal ohangot in abundanoo (yoar-olaat itrongth) 
( Olson 1966). Thoao ftuotuationo tond to a*k tajj relation botwoon catoh ptr unit of fort and of fort. 
Satimtot of total Mortality oooffioiont avorage around 0.5-0.6| oitiaatoo of fi thing nortalitr ftpoa 
tagging aro 0.2-0.3 (!() though tho ago ootpotition of Poliah oatohot in 1967 (Draganik 1967) ra- 
gowtod a highor total aotalitgr of 0.99* Thii mffgottt that aodtratt inoroaao in fiahing, from tho 
Irrtl of tho oarly 1960s, would girt inoroaaod yiold. An examination of Btrorton and Holt'i (1964) 
yiold tablot for 8 - i f ^ ^y 0.4-0.; uggoati that tho fi thing tffort might bo at muoh at doublt, 
thou^x thit probably would only inoroato tho oatob V P^rSiapa iO-JOjt* Tho avwrago landings fro* 
1954-63 vovw 14,000 tons in fiogion X, 106,000 tons in Rogion XX, 800 tons in togion lib. A rough 
ostiaato of tho potontial arwrags oatoh is, thorofors, 120,000 x 1.4 175 f OOO tons. Tho fast that 
inorsassd abundanos is oorrslatod with roduood growth (Olson 1966) suggosts that food is a limiting 
faotor. 



Loss is known of tho rsdfish stooks. Oatohss sinos 1951 bars fluotuatod botwoon 109,000 tons 
(in 1959) and 26,000 tons (in 1962), with an artrago of 62,000. Tht dtoliat from tho 1959 P*ak sut 
fssts that fishing has ttrioutly roduood tht stsoks, though tht magnitudt of tht dtolins may bo dat 
mort ts rtdaotd tffort than rtduotd oatoh psr unit sf fort. Tht supposition that tho stssks art fairly 
htaTily fishod is supportsd TV tht analysis sf Sorokin (1964) bassd on ohtngtt in tht tox ratio. 
Pottntial avtragt annual oatohts may bo in tho rtgion of 50-100,000 tons. 



The only other demersal species, the subject of a speoifio fishery, is ths Greenland halibut, 
fished in deep water. This prsbably aeoounts for tht major part of the eatohos sf various Plouroneo- 
tifoaaes reported landed by Icrwey from Rtgion Ha which have increased from 10,000 tons in W 5 to 
17,500 tont in 1965* The substantial catchts of 'halibut' reported by USSR in ths Bulletin Statittiqut - 
5,000 tons in Region lib, end 11,000 tons in Region lie in 1965 - art probably not true halibut, bat 
also Oroonland halibut. There are no good data for stook assessment though in view of the probably 
long life of the fish it is doubtful if the average potential yield is Tory high. Possibly ths large 
Bomegian oatohes are from an accumulated stesk and cannot ha maintained. A fig*** of 20,000 to 
40,000 tons might be guessed. A somewhat less specialised fishery is that for plaioe in the Barents 
Sea, especially off the forth Russian eoast, off Cape Eanin. This was the first stook exploited in 
the area (Atkinson 1908), and specialist Bnglish skippers make occasional trips tpeoifioally fer plaioe. 
The stock is probably heavily exploited (Oulland 1964) and ths potential yield, with proper manage* 
sent, is rather above tht recent average. This is difficult to establish txaotly because in ths USSR 
ttatittict plaioe are combined with other flatfish, mud somstimss recorded in ths Bulletin Statistiojuo 
as 'plaice' and sometimes as 'other Pleurcneotiformes*. This potential is probably at most 5-10,000 
tons. 

Halibut oatohes, attuning the reported OSSR oatohes are mainly Greenland halibut, are small, 
oa 4tOOO terns* Bo appreciable increase seems possible. 

A variety of other demersal species, ling, tusk, catfish (wclffish), etc., aro landed, mainly 
caught incidentally to tht ood fisheries, to a total of oa 50,000 tons. Those are all large and lonf 
lived and are probably quite heavily fished. Xt is unlikely that any great increase can bt achieved. 



(P) Pi-Mi took, in tha north*** <lto to laat Qraaalaadl 



Tho atata of tho aajor atocka at promt axploitad baa booa raviowa* V tha ZCB 

workiag croup (100 19**). Thia group whioh waa ahiafly ooaoomod with tho probabla offlaota of 
iaoraaaa la trawl aaah aiaa ooaoludad that thooo atooka aro gaa/arally haacrily flahod, la ogimaoiit 
with otter publiahod atudiaa 1y individual aoiantiata, a.g. Huaoal (1942), Parrta* oad Jooaa (1953), 
Jaaoooa (19*0) 9 Oulland (19*1), Joaoa (19*6) and * tha prwrioua ZOB group (ICB 19*2). 



Ood and haddock at lowland wora ooaaidorod to bo ao haavily flahod that ftarthar laoroaao la flab- 
ing would not iaoroaoo tha loaftara a*arago oatoh, though auoh a Mill laoroaao Bight raoult froa a 
aodarato dooraaao in of fort. Saall inoraaaoa would bo aohiavad 1y bottor protootion of 7*0* flab, 
of. b/ value * loffor oah also* Thla alfht ndao tho evavoco annoal oatoa to arooad $OO f OOO tono of 
ood, and poxfeapa 75-100,000 toaa of haddock, dopottdlng on tbo atronfta *f joavolaaaoa. fboro la 0090 
orldoaoo that a roduood adult atoofc of looloadio ood roanlta la aaallor roai^olaaaoa (Joaaooa 19**) I 
If ao, propor aaaaiMoat algat rooult la vathar froator jrlolda thoa abovo, oad aoro partloalarljr with- 
out aanafoaont thoro la llkolj to bo a fterthor daollao la oatoaoa* 



Cod and haddook at farooa (laoludlaf both tho Parooa Baaka and natoaa atooka) avo alao hwwrlly 
fiihod, out dbaafoa ia fiSTSj of fort OM not oxplloltly ooaaUovod ty tho ICB croup. Joaoa (19**) 
ooaoludod that a aodoiato dooiMaa la offiort would gl* a allfht laoroaao la jlold of ood, oad tho 
aajao la ppobablj trao of haddook. Avon** oatdhoa ali^itly abort tho rooont arorafo ohould bo poaalblo 
aa/ 35,000 toaa of ood, aad 25,000 toaa of haddook, though actual oatohoa la aaj joar, partloularly of 
haddook, mil dopoad cvoatlj oa tho atiwfth of tho 



Tho ood atooka at Baat Or^alaad aro loaa hoarllj flghod, but tho total atook la probably aaall 
aad potoatlal oatohoa aro unllkly""to bo aaoh croator than rooont oatohoa, poaalblj aa auoh aa 25,000 



Tho atato of tho ooalflah atooka la, aa aotod for tho aorth^aatoia aroa, loaa woll-known (ICES 
19*5 ) Thoj aro pro6SBI/Ioaa hoarlly oiploltod than ood or haddook, bat tagging zporlaoato off 
Vorth Zoolaad, whloh garo 30)1 rooaptvroa la tho looal puroo-aolao fiflhoir within 12 aoatha (Joaaooa 
aad Joaoa 19*5) aoggoat at loaat a looallj high fiihing rato. Probably laoroaaod fishing, o^ooially 
oa tho lacvor flab - tho flab oaoght for tigging la tho pnrao-aolao fiahory noro aoarly all botwooa 
40 oad 62 oa ( 19*4), or 40 oad *8 oa (I9*5)t fbll* tho offahoro Ingliah oad Qforaaa trawl oatohoa, at 
loaat la 1955-59 roagod up to 120 oa, with aodoa around 70-80 oa (IOB 19*5. fig* 9) - mad gir. 
ooao laoroaao la avorago oatflhoa, poaaibly aa aaoh aa 50-100)1 aboro tho roooat lorol, io* poitapa up 
to 100,000 toaa at Zoolaad, aad 20,000 toaa froa Farooa. 

Tho ZGS8 group ooaaidorod that flthiag had omaod a Mai dooliao la rfdflah atooka at Zoolaad and 
Salt Orooalaad. Total oatthoa froa Zoolaad doollaod froa a poak of 170,006 toaa la 1951 to 70,000 toaa 
la 1961, though thoy ha*o rooovorod to 114,000 toaa la 19*5* Sow of thoao ohaugoa aro dirootly duo 
to ohaagoa la offort (Zoolaadio flahlag for rodflah haa daoroaaod groatly, vhilo tho attoatloa of 
OOXWNB trowlor* haa to MOJO oztoat booa dirwrtod troa rodfloh to ood), ao It la Iqr ao ataaa oortala 
that 170,000 toaa ia aoro than oaa bo aalatalaod aa a loaftom atforojo annual oatoh thoaga for a 
loafllvod flh,auoh aa tho rodfiah, tho animal yitlda f*oa tho aoouaulatod atook proaoat whoa tho 
fiahtry atarta aay bo approoiably graator than tho potential avorafo oatoh oror a porlo*. Probably 
tho graatoat mrorago oatoa would bo takaa with aa offort rathar groator than tho proaoat (19*5)t a 
would bo la tho raaga 150-200,000 tonat tho potantial yialda froa laai Oroaalaad oad Farooa aay bo 
3040,000 toaa oad 10,000 toaa wapaotiraly. Thooo aatiaataa only rafor to tho g^ouada proaoatly 
aacplaitad oa tho ooatlaoatal ahalraa - down to 200*300 fa, Judging by diatribution of lar?aa thara 
ara rodfiah orar tho ooooa daptha which aay pxwlda largo additional 



fftttir flUff 1 ** 1 P oi * * 9lioo, laooa aolo, halibut, oattUho* (woiffiah), ling, 
aaallar ooatrlbutioaa to tha ftaaaroal oatoh, aoao (a.g. plaloo, halibut) aupporting apooialiaad 
fitfhariaa. Moat of thooo ahow aigna of haafy fiahing, at loaat at Zealand (Oulland 19*1), oad o 
oould bo inoraaaad 1y battor aaaagaaaat. Such laoroaaoa would bo aaly aadaxmta, paitapa laoraaaiag 
tho total oatoh of thaoa apaoiaa froa tho flguraa of 55iOOO toaa ia 19*5 to porhapa at aoat 75fOOO toaa 

Tho Atlaato-ftaaadiaa horriag atooka hwra ahowa groat fluotuationa Including a 
of tho ordor of 100 yoara during tho aararal oaaturloa that thoy hanro * 



of thoao ara oartainly tea to yaar-olaaa ohaagaaf waak yaar-olaaoaa froa 1951 to 195* !* to a daclina 
la oatohoa, whioh rooovorod whoa tho atrong 1959 yoai^olaaa rooiuitod to tho fiahoriaa. Tha ahaoluto 
laral of oatohoa la aay futuro yoar thoroforo dapwda aoro oa tho (at yraaant unpradiotabla) atrangth 
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of yea*-olaaeee, than on to* aaouat of fiahing. Botiaatos of tho otook siBO of too lorwogiaa opria*- 

apanaing otook from tagging aad direct aoouotio counting ouggoete that la tho 1950i firtdaf took about 
10-20)1 of tho otook (oad thuo accounted for about half tbo total deatha). ttehing offbrt on thio otook 
hao alaoo iaoroaoed, and it appear* that tho fiehing lo at loaot ao heavy oa tho othor olOBoato of tbo 
itlanto~6oaadian herring - tbo loolandio epring oad euaaer paimero (HW 1966 a) 

It lo, therefore, unlikely that aay oubotaatial laoroaoo la wrereg* yiold por recruit eaa bo 
aohiorod V iaoroaaed fiehing and ooat ainor inoreaoe Bight bo achieved to ouitable aaaagetent, o.g. 
protection of tho oaall flih (now oought la tho oaaaild fHheijr), or a alight reduction la fiehing oa 
tho aoot heavily fltfhed oloamto. Tho actual oatoh will dopoad on yoa*-olaao etrenfthej at recent 
lofolo thooo have resulted la oamial oatohoo of around 1*5 Billion tone. 

(o) Oapolia 

Substantial oatohee of oapolla art takoa both at Iceland (50,000 toao la 1965) oad northern forway 
aad 0881 (220,000 toao la 1961 aad up to oa 300,000 toao la 1967. but only 3,700 toao la 1962). Enow* 
ltdfo of tho fiahoqr hao booa reviewed to Nollor and Oloon (1962) aad Oloon (1964). Tho oftoa vejy 
largo nuotuationo la oatohot aro doo la part to joar^laoo fluotoatloas, aad portly to ohaagoo la tho 
tlainf oad plaoo of tho algration to tho tnohoro ^ponalaf aroao nhoro thty aro ooutfit. Thoro appoaro 
to bo roiy iaxco port-opoimlaf mortality though OCNM fith aay opaim twioo (Prokhorov 1960), oo that 
flohlaf hao llttlo of foot on tho otook ooala* to opaim la tho iaatdiatoly fttllcnrinf yoar. Tho propox^ 
tiott of tho opMmlBf otook takon V tho flihtiy la not kaoim, nor lo naorthlaf knona of tho poooiblt 
tooh/roopultaont mlatioaohipo, Oloon (1964) hao ootlaatod tho aboadaaoo of tho opamliur otook la 
rolatlTO toxvo, but thio ooaaot ao jot bo oxprooood la actual toao of fioh* 

(f) Othor rooourooo 

Moot of tho apooloo oaofht laoldoatallj whoa fUhla* for tho othor opooloo (ood t yodflah, oto.) 
haro alroa4y booa ooaoldorod Probably tho blggoot rooouroo aaonf trrl-cauht floh lo tho loaf rough 
dab, nhioh io ooa^bt la aodorato aaaboro (up to oa 200 kg la trawl haolo ovor Boot of tho aroa) 



Ood io tho Bain laxge predates? flab in tho area. Stoaaoha of waller ood contain aainly iaverte* 
bratooi larger ood aleo oat invertebrate! but also fih - including Baall ood, oapolia, herring, polar 
ood fBoiwuraifiif oaida). eto. Moot of thooo opooioo have already booa ooaoidorod above, aad tho data 
do not ooggoeTtho exietenoe of aay large unknown potential. lor io tho probable quantity oatoa of 
oopolia or herring (aay lOJl of 10 tiaoo tho preeent production of ood, equaia 1 to 1.5 aillion tone) ao 
veiy BBoh laifor than tho preoeat oatohoo of thooo opooioo ao to auggert that they are greatly uadex** 
elicited. 

Za tho Bareato Sea detailed euiveye of young fiah have booa carried out internationally - in 
196$ to KSR *ad Vorway aad la 1966 aad 1967 to USSR, Vorway aad UK (Anon. 1965, 1966). Though 
deaignod priaarily for ournyiag tho abundance aad dlotrlbutioa of 0-group herring 'and ood, information 
io givea oa othor opecieo. Tho aurveye woro oarriod out to oho eurvey, oupploaoatod to poliglo truwl- 
lag. Tho 1966 reoulta aro preoented an charts of tho distribution. 0-gitmp ood, haddook aad aaithe 
woro ooaroe, ooourrlag oaly at ooattorod individual otatioaa aad woro not ooatourod; herring woro acre 
abuadamt ooourrlag along tho north lorwogian ooaat, and in a few otatioao near Boar laland aad woro 
contoured at one level of abundance. Za oontrart four opooioo - redfion, oapolia, long rough dab aad 
polar ood - wore euffioiently abundant over a wide enough area to bo ooatourod at two lovolo of abundano 
0-group fiah of ooao othor opooioo were found la eaaller nuabero - including oatfioh, Luapenue* CottidM 
aad Mrotophidae. Tho rooulto ot bo interpreted with OOBO caution beoauee of tho very groat year-to- 
year flmotuationot at loaat for OOBO opooioo, o.g. ood, ao ohown to tho 053R ourveya of young ood oarrii 
out over tho laot 20 yeare. it io believed that tho relative eoaroity of ood, herring and haddook io 
duo to 1966 being a poor yoar, likely to lead to extreaoly poor 1966 year-olaoBea, rather thaa repre- 
ottiaf tho acnraal arerage abuadaaoo of thooe opooiea. Tho veiy low otrenfth of tho 196$ aad 1966 yoa* 
claoooa of ood io ahown clearly la tho later oatohoe of 1 and 2 yoar old fioh la later trawl ourveye 
(liaortoov 1967) Thuo, for exaaple, tho ourveya of ood larvae (la Hay oaly) aad of 0-group floh on 
tho bottom la winter, reported to Baraaenkova (1965) lor tho 1999, 1960 aad 1961 yoai^olaoooo, though 
not ooaipaiablo quantitatively with tho preeent oarveye, do produoo diatrlbutioa oharto looking veiy 
like thooo for oapelin, oto* la tho 1966 ourreya. Ooaparlaoa of tho nuabere la 1966 of 0-group ood, 
haddook aad ooalfiah with thooo of rodfiah, oapolla, long rough dab aad polar ood io, therefore, 
likely to giro a aialeading iBpreaoioa of tho abundance of tho latter. Here interoating aay be a 
of rodfiah with tho othor three. 
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Radfiah wara tor fmr tho aoat abundant palagia oho aoattarara in tho waatam Baroata Saa. this 
aaaoa MQT ba ooaparad with tha doaiaaaoa of larnd radfiah found in tha plankton batvoaa fowfouaaV 
land and Zealand (Baadaraoa 1J65) 9 though it la oloar that in tha praaoat aroa thaaa young flab coma 
from a atook that ia praaantly oiploitad. An axaaination of tha ojuaatitativa diatributioa of larval 
radfiah ia tha aouth-oaataia Baranta 8aa, and ooapariaoaa with tha larval avabara ia tha waatarn 
Atlantic aad with tha ooamaroial oatohaa ia both araaa may giva a battar aaaauro of tha pataattial aaw 
roaourooot if any, rapraaantad by tha larval radfiah ovor tha ooaaaio daptha. A ooapariaoa with rad- 
fiah, baaad oa larval aad 0-group oatohaa, may hovarar uada*-oatiaata tha potaatial yiald af oapalia 
aad othar apaoioa. Radfiah ara vary lon^-livad f aad tha fiahiag mortality to givo tha graataat loaf 
tora yiald ia likaly to ba low. Thua tha proportion of tha atook takaa aaeh yaar for optimum harvaat- 
iag f aad haaoo probably alao tha ratio of potoatial yiald/larral or 0-graup abundanoa, ia avail. Alao 
tha aatiaata of potantial yiald of radfiah ia not a vary praoiaa ona. 

Bowovor, it aaaaa ualikoly that tha 0-group/potantial yiald ratio diffora ao muoh botwoaa apaoiaa, 
aad that tha raal potantial yiald of radfiah diffara ao auoh from ita aatiamtad valua, that tha potan- 
tial yiold of oapalia diffara ly aora than an ordar of magnitude from tha figuro of 50-100,000 toaa 
oatiaatad for radfiah. Tharoforo, it ia poaaibla that 900,000 toaa of oapalia raportod for tha forwoglaa 
apriaf aaaaoa of 1967 (which waa ia fact limitad V proooaaiag capacity, not tgr oatohiaf capacity) aay 
ba approaching tha potoatial of tha atook. Tha potoatial for loag rough dab v a quita lonr-livad apaciaa, 
aad for polar ood f ara probably rathar laaa than for oapolia. 



Tha Joint pirvay alao raoordad aoho traoaa froa laxyar fiah. Apart from tho apaoioa alroa4y 
aidarad, adult bloa whitiaf wara rooordad aloaf tho oaatara boundary of tho Vomogiaa Soa* lo quaa- 
titativa aatiaata oaa ba givoa of tho aagaituda of thia raaooroo. 

la tho north-*aatan& araa, tharo hava not booa aiailar publiihad aorvaya of younff fiah* Joiat aoho 
aurvaya for horriaf havo oovorad wida araaa to tho aorth aad oaat of Zoolaad, aad apparaatly aoat of 
tha traoaa raoordad could bo ooaaidarad aa harriaf (a.. Nalabarc fl fl* 1965t 1966)* Howovar, larfa 
ooaoantratioaa of Mioroaaaiatiua youtaaaou wara found off tho oaat ooaat oa at laaat oaa oooaaioa ia 
1965* Xaoidaatal trawl oatohaa hava inoludad thia apaoiaa aad occasional oatohaa of axvaatiaoa. 



ludad thia apaoiaa aad oooaaioaal oatohaa of angaatiaaa* 

forway pout ara common at Paroaa, aad waat aad aouth Zoolaad(Baitt 1966 a, Saomundaaon 1949i Xotthaua 
aadKrafft 1957)* 

Tharo ia no ooaprahaaaiva publiahad aurvoy of tho quantitative diatributioa of agga aad larvaa. 
0.0. Williaaa (paraoaal ooamuni cation) , ia aaalyaiag tha data oollootod V Biaaraaoa haa foaad that 
round Zealand loag rough dab ogga and larvaa wara vaigr abundant, around twioo aa abundant aa aay othar 

fiah. 

Thaaa agg aad larval data would auggoat tha praaanoa of four poaaibly aubatantial undar-azploitad 
atooka - Padua poutaaaou* argantinaa, forway pout aad loag rough dab. Thara ia ao good grouad for 
ojuaatitatlvToatiaaia, out a rough ooapariaoa with othor oatohaa auggoata that potoatial yialda of 
oaoh apaoioa ara probably within aa ordar of magnitude of 100,000 toaa. 

5.5 forth Saa 

(a) Separation of atooka 

Tha forth Saa ia largo aad partly oaoloaed} including tho Skagorrmk tharo ia little interchange 
to tho aaat (Baltic, Balta). Some fiah move through tho Straita of Dover, notably tha Downa herring 
which apawa ia tha Eastern Channel, though spending aoat of their life ia tha forth Soa. Thia atook 
ia aow email, but aaalyaia of paat data ahould include Channel harriag oatohaa ia tha forth Saaf otho*- 
wiaa tha interchange at tha southern aad ia probably small enough to ignore. 

At tha aorth, deep wator aad narrowness of tho ahalf along tho forwogiaa ooaat limits appreciable 
movement of demersal fiah along tha waat of forway. Tharo ia, however, evidence of greater aovaasut 
of some apaoioa, including haddock along tha Scottish aorth ooaat, aad of interchange with atook thars, 
aad to tha waat of Scotland, but ia total thia is not a largo proportion of tha forth Saa oatohaa or 
production. Movement of pelagic fiah ia probably muoh more oxtonaive. Catenae of Atlanta Seandian 
harriag along tha forwagiaa ooaat hava boon included in paat statistics of tha forth Soa fiahariea, 
but ahould bo excluded from consideration of tha protection of tha forth Soa* Tho paat statistical 
data for barring (probably alao aaokaral) ahould bo, therefore, treated with oara. 

Within tha forth Soa populations of aoat of tho important apaoioa oaa ba divided into two or more 
distinct atooka, o.g. herring (Gushing and Bridger 1966), plaice (da Vaen 1962), sole (I CBS 1965 a), 
cod (Bedford 1966) aad whiting (Knudaan 196$, Banners 1964)* for barring, it ia clear 
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that tbo aajor stocks aast bs assssssd separately, bat for tbs others, or at loast tbo plaioe, it is 
possible that there are sufficient similarities ia tbo pattern of exploitation for tbs stocks of each 
spooies within tbs forth Boa to bo treated as a sinfle unit (Oullsnd 1966). 

( 

Plaice ~ very food knowledfe. "Ovcrfished" ia tbo 1930s but fishinf ia terms sf both total effort 
aad effective siss at first capture probably now fives close to tbo fraatost average animal yiold, which 

is about 100,OJO tons. Total production is limited more ty numbers of recruit* tbaa * supply of food 
to adults, judfod 1y ths moderate absafss ia frcwth with obaafos ia stock abundance (Vimpcnny 1993, 
Bevertem and Bolt 1997, Oallsad 1968). ^^ ^^ 

Sole - very food knowledfe. Piahinf is probably close to optimum. Actual yiold subject to 
fluctuations, aad tendinf to increase over tho past 90 yoars (ICB 1969 a). Potential avsrsfs annual 
yiold is 15-20,000 tons. 

Kb aodorate knowledfo. There is as fishery specifically for dabs, which do not frow to a 
lasts siae. Any extension of nmbiaf for email dabs would almost certainly involve destruction of 
saall plaice, sad an overall loss ia yiold. Hash of tho production foinf into dabs is, therefore, 
inaccessible at present, though this prodaotioa is probably very much laifor tbaa tbo reported oatohee 
(oa 6,000 toas). (Pimbermen often suffeet that scientists should kill off tho dabs to five a bottor 
production of plaice). 

Other flatfish (varbot, lemon solo, oto.) - moderate kaowledfo. Probably ia a similar stats to 
plaioo aad solo, i.s. present catches (16,000 taas) close to maximum. 

(o) Oadoids 

Ood - food knowlodfo. "Over-fished" in tbs 1930s (Graham 1943), lass heavily fished now, at loast 
ia central forth Boa (XAff 1965) but still apparently heavy, aad probably too heavy, fishinf on tho 
saall sod ia some western areas (Bedford 1966, qyaoads sad Raitt 1966). Tbo average oatch oould 
probably bo increased by more rational fishinf | tbs 1966 oateh (285,000 tons) was, however, auoh above 
tho recent avorafo, aad was probably tho fraatost ever taken. This high oatoh was probably duo to 
transient offsets, particularly seas food year-olaecee. It ie doubtful if even with proper management 
this oatoh oould oa tho averafe bs maintained. Tho potential averafe annual yiold is possibly 
190,000 



- food knowledfo* Has underfone lonftcrm fluctuations (s.f. ths oatob declined from 
over 200,000 toas in 1920 to 90,000 toas ia 1990, das mainly to a drastio reduction, probably from 
natural osuass, ia tbs stoai^ia tbo southern part of tbo forth Baa). There are also larfo fluctuations 

of 870,000 toas in 1966 (Jones 1966). Bsttsr aaaafomont, especially 'better protection of thc'youal" 
fla^, o.f. V a lanfer mesh sise, would increase tbo average oatob, probably * botwoan * sad lOOJt 
(Parriah and Jones 1993, ZGB 1997). Tbs freatest avcrafc sustainable yiold mifht bo 100-200,000 toas, 
bat tbs oatch ia erne year, or ever a short period mifht bo very different. Beduotion of fwth pate 
fjwpstfoaf yss^-elassos Mffosts that haddock are ueinf a food proportion of ths available food 
(Bovsrtoa sad Bolt 1997), but * no asaas all of it (see section 6.2). 

forway Pout (Trtscpterae emaartei^ . omo tawvlodfo (Baitt 1966 a). Pinery baaed sa sas or two 

., ... -I' ---T_TI tff ^ 0f ^g^ M ^ ^ ni|otl|mudf ^^ ^ ^ 

70,000 toas. (Boms at loast of these fluctuations are duo 



to effort ohsnfee (Baitt 1968)). *> oeeful estimate of potential yiold. There eeems, oa tbo 

basis of veiy fsw yoars, ts bs nefative correlation between year-olaeses of forway pout aad haddock. 

Saitho (Ooalfiah) - aodarate knowledfo. Oomorally, at loast until recently, less hoavily fiihed 
SLSJJ^^ *S?*m m t'* or had ^* k ** t UM of fishinf mow Woominf apparent (ICB8 1969). 
^b^aodepmte further Ucreaee ia oatohee possialoi pcesible yiold portaps 100,000 tens (forth 
Boa stocks probably closely linked with vast of Bootlaad sad fcrwofism coast stock.). 

Vhitimf moderate knowlodfo. Probably aodarately to boarily Ashed, aad only aodorato increase 
ia catches possible. Tiold porhapo 190,000 toas. 



iaivs fadoids (hake, linf , pollack, tusk) - ex>4erte kaewlodfo. All ppobably aodsrately 
a-l !? f "^ J* 1 ** <wsasioa ia oatohee possibls. 1969 satofcoat hake 3,600 tone, 

10,900 tone, pollack 3,200 toaa, task 2,900 tons, total 19,800 tons. Potential yield is 

29,000 tons). 



B - SWAUaST ATIAWTXC 

FIBS/T97 33 

Other small gadoids (blue whiting, pout whiting) - some knowldge (Baitt 1966).. Proaoat catches 
for oal aro probably a saall fraction of potential yields, though the main potential ia emtside tho 
Worth Soa. 

(d) Other demersal species 

There ia a poor knowledge of any of theaa. Several opeoics (oat fishes, anglers, redfiah, oto.) 
aro otmght in Mall numbers by trawl, and tgr analogy with ood, haddock, oto., aro probably heavily 
fisted* 1965 catches were catfish 1,800 toas, anglers (monk) 4,700 toas, redfiah 500 tons, breams 
200 toas, total 7,200 toas. Tho potential annual yield of all these oombined io probably loss than 
10,000 toaa. 

Ounards occur frequently ia small numbers ia trawl oatohes$ landings are probably only a ffcaotioa 
of actual oatoh. Like dabs, they aro net very attractive ooMoroially in some countries for human con- 
sumption, nor do they occur ia sufficient concentrations aa a basis of industrial fishery. The potential 
yield is much higher than the 700 toas landed. 

Seadeela - moderate to poor knowledge. Fishing ia vary localised, oad ia small areas tho offoot 

of fishing OM sometimes be detected, but the proaoat fishery covers only a part of the Whole Worth Soa 
(Maoer 1966). The potential yield is probably ooasidsrably greater than the present oatotes of 100* 
150,000 toaa. 

(o) Pelagic fish 

Berriag - oderate to good knowledge. There ia considerable soiontiflo argwsont about the precise 
state of the stock particularly regarding the lone-term effects of fishing; bat fishing clearly ia a 
major cause of mortality ia the atooka ia the southern Worth Soa, though it is not agreed V scientists 
whether it has also affected the recruitment. With the recent increased fishing ia the northern Worth 
Sea, tho fishing of fort on the stocks has probably approached or passed tho level whore any farther 
increase in effort will give no appreciable increase in the average annual oatoh. Catches reached a 
peak of 1*23 million tons in 1965, and have since declined* The potential yield is probably leas than 
1.5 million tons, perhaps 1.0 million tons. It should be noted that tho stock of herring spawning in 
the southern Worth Sea and eastern English Channel, which used to provide catches of over 200,000 tons, 
has declined to negligible proportions. If this stock doss not recover* the total Worth Sea potential 
will be reduced. Year-class fluctuations are less important than in ths Atlaato-Sosndian herring. 

Sprat - moderate knowledge. Pishing is looaliaod and coastal. The recent increase ia oatoh 
(75,000 toas ia 1965, compared with 21,000 toaa ia 1953) * duo ia part to a real increase ia stock 
or at least the availability to the fishermen. la some areas, o.g. Wash, tho stocks aro Mdoratoly 
heavily fisted, but ia otters a large increase ia oatoh may bs possible. Tho potoatial yiold ia almost 
certainly subject to wide natural fluctuations, but under present circumstances ia probably at loaat 
150,000 toaa. estimates from egg surveys (Johnson personal communication) of tho stock sise ia tho 
Worth Soa is from 65-650,000 toaa. The potential yield might bs half this. 

Tunas - moderate knowledge* Ctaly bluofin caught, and only ia small quantities) potoatial yiold 
not aoro than a few thousand toaa. 

Haokerel - moderate to poor knowledge. The Worwegisa purse < seine fishery expended very rapidly 
from almost nothing ia 1963. Oatohee reached a peak of 865,000 toas ia 1967 oad declined ia 1968. 
These oatotes came from an accumulated stock of a number of ago groups, and the data so far are net 
inoonsistentwiththt estimate of 550,000 tona derived in a later section from egg and larvae data. The 
atooka wore certainly under-exploited before 1963. 

Boras Mokeral - poor knowledge. Present landings of 5,000 'toaa probably well below tho present 
oatoh, because of discards, and even further below sustainable yield. This fish ia rarely sought 
deliberately by the fisteiwa. 

(f) Otters 

Dogfish, skates, rays, oto. - variable knowledge, good for pioksd dogfish. The northern stock 
of dogfish (which ia caught alao ia west of Scotland and Worway coast areas) is over-exploited. Probably 
\V nalogy with ood oad plaioe the other species of commercial importance which aro mainly caught by 
trawl arm alao heavily exploited. Because of tho saall number (3-15) of young produced per female the 
dogfish stocks are particularly susceptible to ovei^fishinf(Holdsn 1967). The potoatial yiold from 
all these atooka ia probably not much, if at all, larger than proaoat catches (36,000 tona) - say at 
moat 50,000 toas. 
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Uasorted sad unspecified - seas 150,000 tons of uasorted fishes were landed la 1965. Most of 
th*M wsrs herring for industrial purposes* 

(f) Other evidence of resources 

The most recently published molts fro trawl surveys art bjr Sahrhage (1964)t giving the results 
of surreys ^ tbo summers of 1959 and 1960 (results of surveys IB ths winters of 1962 sad 1943 will bs 
published late in 1967). The distribution sad abundance of tho major commercial species agree noil 
with tho data from commercial catches, but certain species occurred la quantity ia tho survey, hut not 

la tho ooaaorolal loadings* Tho aoot frequeat woro ao follows* 

Loaf rough dab (Hippcglossoidee platossoldos) - catches of severs! thousand por haul asrth of tho 
Dogger. 

Bluo whiting (meromosistius poutassou) - largo numbers (up to 3,000 fish por haul) along tho edge 
of tho Icrwegian doop water. 

Argentines (Argsntlas silus sad . sptarrsonal - up to 1,000 fish por haul In northam lorth 8oa 
(north of 57) 

Borso asoksrol (Trsohurus trsohurus) - up to 2,300* fish por haul In southorn aroa (south of 5$N), 
and saallor nuabors along tho Scottish ooast. 

Tho mrrsys also oonfixmod tho oonsidorably groator abondsnoo of gurnards than is suggostod \y 
tho Mtll quantity Isadod* Scottish rossaroh TOSSO! surroys ia ths aorthon forth Soa agroo with this 
list of spooios, but show ooanoa dab sad gurnard ss also ooaaoa (Parrish /porsonsl ooaauaioatioa). 



Though no full ooho surrey of tho forth Soa has been published, both research sad commercial 
vessels run their ooho sounder while working or oa passage ia ths forth Soa sad there has boon ao 
sugcestion of say substantial quantity of traces whioh cannot be ascribed to tho well known pelagic 
speoies - herring, mackerel, eto. 

Kxtensivo data are available oa egg sad larval distribution, including a few general research 
surveys, special surveys oa oortaia spooios (especially plaice), sad plankton recorder surveys. 

Ia qualitative terns those show that tho abundant spooios are either tho fish (herring, cod. 
haddock, plaice, etc.) whioh have long boon exploited for human consumption, or ths smaller fish ( 
*!' mad Trisoptofus osaarkil) for whioh special fisheries for industrial purpose have recently been 
developed* fo large quantities of sggs or larvae have been found of spooios whioh are as yet not 
exploited. 

Further saslysis of thorns data is desirable to dstoraiao a quantitative relation, if oa]/ rough, 
between sggs or larvae sad sustainable yield. Henderson (1961) gives data oa tho distributioa of 
lame ia plankton recorder catchee round tho British I sloe (excluding tho Irish Soa sad fegUsh 
Channel). These data are summarised ia Table B1, whioh also gives data oa catches ia 1965* The data 
are in tho fora of average number or larvae por sample within each area. Assuming perfect filtration 
each ssaplo corresponds to 3 a** Tho miss of most areas was 1 lat. by 2 long., i.e. approxi- 
mately 4.000 n.mi 2 or 14fOOO km*. Tho data give tho distribution of larrae at 10 a (ths depth of 
sampling), sad if it is assumed that tho larvae are equally distributed down to 100 m, then tho number 
psr a? will be -^2 x number por ssaplo, i.e. tho total number ia each area will bo equal tot 

r por sample ^22 x 14,000 x 10* - 4*7 x 10 11 



(ao*s precise estimates may bs obtained by correcting for different sites of tho areas mad using dif- 
ferent estimates of tho depth to whioh tho larvae are distributed). Platos XXX to XXXIII of Henderson' 
paper osa BOW bo used to estimate tho mean number of larvae present during tho year (except for Stead aa 
boa ferox sad Osdus poutassou whioh are Bean numbers present ia March, April sad Hay), b/ adding up 
the numbers ia each ares. 

These figures are given ia Table Bl(the olupeoids to ths southwest of England were presumed to bo 
sad elsewhere herring sad sprat, sad ths figures for 0. poutasscu sad S. ferox have been 



divided a/ four to correct Dor being present for only one qptarter oTthoyesr), expressed as avi 

the aroa (Bsgions IV, TI aad 



present in the area. Also given are tho 1964 catches from the aroa (Bsgions IV, TI sad HI of 
ICI3), sad tho tons caught por 10$ larvae. 
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Table B1- Catch of flab and estimated number of larvae from the watara mad tho British lalee 



Lanrae s Catch 
1(T 11 ("000 ton.) 


Tona por 
10 9 larrae 


lotoa 


ClUpOOida 

(Barring tad sprat*) 
(Pilchard) 

JUaao^rtoa 

Mackerel 
Mioromoaiatiua poutaaaou 


118*9 
104.9 
14.0 

73.7 
57.4 

41.1 
12.4 

8.2 

6.8 
6.4 
4.6 
2.3 
1.9 

1.0 


1,451 
1,448 
3 

129 
112 

74 
5 

137 
120 

w 

2 

158 

11 


122 
138 
2 .... 


lot flahod intonaiTOljr la 
aroa 

Only fiahod in aoathom 
lorth Soa 

Lifhtly fiahod - rooont 
oatohoa auoh larfor 

lot fihod 

Catohoa oould probably bo 
inoroaaod 

lot oxploitod| only largo 
apooinona anftiig inoidontal 


18 


20 ......... 




Ooalflah 
OoBion dab 

Whiting 
Plaice 
Steal aa boa fercx 
Witch 
Cod 

Lorn* aole 


60 


6 ,. 0t 


201 
188 


oatohoa landad 

lot fiahod 

Larvao probably iiador* 
oatiaatod 


9 
832 


110 


for moat of tha epeoiee 
100-200 tout por 10* larrae. 


believed to bo 
Thia relation 


felly exploited oatchos aro 
auggeate auatainable yiolda 


fairly constant in tho rango 
of 300,000 tona of Uuo whit- 



350,000 tona of aandoala, and 550,000 tona of mackerel. Moat of tho larvae of bluo whiting and 
mackerel wora outaide tho forth Soa. 

Taken together tho varioue data auggoat that apart from certain apooioa (horao mackerel, blue 
whiting, etc.) occurring mainly at tha boundarioa, including maorurida and othora in tho doop water 
(oa 500 and deeper) la tho north, which may be boat oonaidorod ia ether araaa, there aro no major 
unexploited apooioa ia tho forth Soa. Catohoa and landinga of tome apooioa - aandoola, long ragh dab, 
gurnard - might bo expended. 

(h) Molluaoa and ofuataooana 

In 1965 tho oatohea from tho forth Soa wora 70,600 tona of oruataooana (including 47,800 tona of 
ehrimpe), aad 150,000 tons of molluaoa (including 135,000 tona of muaaola). Virtually tho whole catch 
ia taken In ooaatal watora and may be oonaidorod aoparatoly from tho production of tho main, offahoro, 
part of tho forth Soa* Knowledge of of fahora roaourooa from baathoa aurroya ia comparatively good| 
none of tho numeroue molluaoa aooaa at proaoat commercially attractive, aad tha only attractive 
oruataooana are Pandalug boroalia (ia doop wator) aad fophropa. 1965 oatohoa of thoao apooioa were 
15,000 tona, and aro probably capable of moderate axpanaioa, poaaibly to 50,000 tona. Thoao roaourooa 
aro oonaidorod in detail In aoparato chapter*. 
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$.6 Waters to tha wast of the Britiah Isles 

(a) Stock separation 

Tha physical oharaoteriatioa of tho region do not provide clear boundaries to tha atooka. There 
are significant interchanges with stocks both to tha north, round tha north af Scotland (certainly for 
haddock, and probably other demersal atooka - but not forway pout (Baitt 196$) - dogfish, and ta aona 
extent herring), and ta tha aouth (e.g. tha adult pilchards found in tha English Channel in tha summer 
may migrate from south af Ushant). Interchange with tha forth Saa through tha Straits af Dover does 
not ace* ta ba large forth Saa herring move into tha eastern channel to spawn and thara ia some move- 
ment af small local atooka af demersal fish, a.g. ood (Bedford 1966) and of pilchard and anchovy into 
tha forth Saa in auaaar. Within tha region aona divisions of stocks are known - moat of tha fish stocks 
ia tha Irish Saa seem to bo asperate fron thoaa outaida - but for most species tha possible stock separa- 
tion in tha araa open to tha Atlaatio from tha north of Scotland to Ushant have not baan studied in 
detail. Tha statistics far tail region are also not aa good aa in other parts af tha ICJS araai aa 
noted earlier part af tha Spanish catch recorded in Regions VIII and IX probably comes from thia region. 
Also thara are aona doubts about tha precise location of some other catches and generally poor statistics 
of fishing effort. Mainly for thaaa reasons thara are faw good assessments af tha stocks in thia region. 

(b) Demersal stocks 

Tha hake waa studied in detail by Hickling before and Just after tho war (Hiokling 1927, 1946), 
who ahowadthat it waa over-fished. Subeequent events have done nothing to throw doubt on thia con- 
clusion, though detailed analysis has baan difficult because of statistical shortcomings. Average 
catches oould ba increased fey suitable management measures (laaa fishing, and better protection of 
small fish), probably to appreciably above tha present level. Tha lattar is now known. Reported 
oatohes from tha region (excluding Spain) were, in 196$, 20,000 tona. If Spanish catches were aa 
much again, this would soggeet potential average oatohes of $0,000 tona. 

Tha major haddock catches ia tha region come fron tho West of Scotland. Thaaa include an element 
af fish moving fron tha forth Saa (Joaaa 1959). A recruitment of larger fish fron tha forth Saa nay 
account in part for tha rather larger site of haddock from tha westerly grounds compared with tha forth 
Saa (e.g. ICES 1964), but tha difference nay also in part ba duo to laaa fishing on thaaa grounds 
aa wall aa possibly to a faster growth. Changes ia oatoh par unit effort af haddock ty Britiah vessels 
during and Just after tha war did not fit in with expected changes in a heavily fished stock, though 
changes ia fishing tactics, following the recovery af tha hake atooka, nay have had an important affaot. 
Probably tha west coast haddock ia laaa heavily fished than tha hake, or tha haddock in tha forth Saa. 
However, in view af tha local concentrations of Scottish ssiners inshore, which fish mainly for haddock, 
it ia unlikely that tha atooka are not at laaat moderately heavily fished. Probably, therefore, tha 
average catch of haddock fron tha West of Scotland grounds oould ba at bait only increased ta a moderate 
extent, though it ia not known whether thia would require a restriction of fishing, or a moderate 
expansion. Baoont oatohes are, aa ia tha forth Sea, vary high because af tha outstanding 1962 year- 
claaa. Potential annual oatohes from average recruitment are probably around 15,000 tons. 

Zn tha other areas af tha region where haddock are caught (aouth and waat af Ireland), even laaa 
ia known of tha state af tha atooka. Thara ia no intense local fishery corresponding to tha Saattiah 
seining in tha Minahaa, aa probably tha effect of fishing ia less. Probably, therefore, average catches 
oould ba increased fejr greater fishing. 

Tha ood fisheries are probably ia a similar condition regarding both exploitation, and state af 
knowledge, aa tha haddock, Aa Judged fey tagging returns ($30 recapture) (Beverton ej j&. 1959), tha 
fishing intensity in the Irish Saa is at laaat locally vary high. Potential average annual catches 
are probably not much above tha present - say $0,000 tona - and ta oatoh thia would require about the 
praaant effort. 

Tha whiting fishery ia tha north-western part of tha Irish Saa baa baan studied in detail fejr an 
international working group - tho only ana ta data which has dealt with problems af stock assessment 
in thia ragian (Oarrod at al. 1966, Oarrod and Oanboll 1965). They Showed that in tha local County 
Down fishery, fishing is aa intense that total oatohes would be increased fej tha use of a larger mesh 
sifts. However, thia ia only a laaal fishery, mainly am immature fish. Tha nature flab move out af 
tha araa and tha fishing mortality an tha mature atooka ia aat known, nor ia tha proportion af tha 
total recruitment to tha afelt steaks coming froa tha County Bam fishery. Thus it ia possible that 
tha average total oatoh af whiting might ba increased fey more fishing an tha atelt fish - though thaaa 
appear ta be more dispersed than tha immature, and leas able to support an economic fishery - combined 
with acme regulation af tha immature fishery. Similar considerations probably also apply to ether 
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parte of the region - there ia an intense fiahery ia the Olydo which oorrecpondo to that off County 
Down (Oarrod and Oejibell 1963). la tbie aroa too tho abaenoe of old, largo fieh from oatchoo ia believed 
to be one aa nuoh, if aot noro, to emigration aa to beavy local fiebing. Thie euggeete that oatohee of 
tho larger nab, which are probably dispersed ia the Zrtah Sea and to the neat of Scotland, night be 
iaoroaood. 

There ie ao suggestion of major unexploited stocks, though aoet probably oatoaoo to the woot of 
Ireland oould be increased. Probably the potential average catch ia slightly above tho present - any 
30,000 tens, with overall not nuoh change in effort, though acre on the elder fieh and lean en tho 
younger would be aeooeeary. 

The eaithe (ooalfish) oaught ia the northern part of the region aro oenneoted with tho stocks 
further north. Except that there ie ao looal purse-seine fishery for medium smell fish, similar renarke 
applyf the average oatoh would probably be increased by inoreeaed fishing, bat probably not to any great 
extent (say to 30,000 tons). 



though aaialy oaught incidentally tp trawler*, ie probably at least noderatoly heavily flahed, 

with ao great potential increase ia the average oatoh. 

Various flatfishes (lenon eole, eole,turbot) are oaught in Moderate Quantities throughout the 
region. Though not studied in detail, there ie some evidence that thooo stocks are nodsrately heavily 
fished. 

Williams (1965) found percentage returns of soles tagged in the Irish Sea (17*) and Bristol Channel 
( 12)1) which are not nuoh lees than the 17-23* found with similar tage (Peterson diaoa) in the heavily 
fished forth Sea (Nilliane 1963). Zt is improbable that the preaent oatohoo of flatfieh (33,000 tone 
in 1965) oan be greatly increased - ponibly to 40,000 tone, by increased fishing on some stocks and 
bettor nanagemeat of others. 

Several other demersal fiah are caught ia snail quantities. Spiny dogfieh probably ooao fron the 
stock ae the forth Sea (see above) | stocks of conger eel end angler(m*nb) are probably meal If the 
aea bream probably are connected with stocks further mouth and will be diecussed later. 

(o) Pelagic fieh 

The herring fisheries to tho west of Scotland have boon reviewed moot recently Is/ Seville at el. 
( 1965). They found no olear evidence of beavy fishing, end concluded that auoh of the fluotuatione of 
oatohee between 27-108,000 tone before tho war, and 3M* t OOO ainoo the war, wore duo to changes in 
effort and not ia stock. Surveys of adults end larvae tor British remoaroh vessels have suggested ojtito 
a largo stock in this area. The total number of larvae found (Weed 1968) in October 1965 (1.76 * W*) 



wae about the same ae found ia tho southern forth Sea in 1947-6 when catches ia that area woro about 
200,000 toaa, not including oatohes fron the same etock in the central forth Soa. Za addition to these 
autumn spanning fieh, there ie a spring spawning group about one-quarter as abundant (Mood personal 
communication). Average catches in this area, including the grounds to the west of tho Hebridee, oan 
almost certainly be increased by more fishing, possibly to around 200,000 team. 

Burd and Bracken ( 1965) have studied the Bunnore etoek off southeast Ireland, and concluded it ie 
heavily fished, with a potential annual oatoh of 12*15,000 tone. The herring stocks in the Irish Sea 
are probably ia a similar etate, end aot nuoh nore than the present catch, i.e. oa 10,000 team, oan be 
taken. Zt io not known whether the present very enell oatohes fron off tho west coast of Ireland oan 
bo increased. 

Tho maokerel stocks are related to those supporting tho rapidly developing forwegian fiahery ia 
the northern forth Boa, end any oatoh in the present region would to mono extent be at the cxnones of 
tho potential yield ia the forth Sea. The earns probably alec applies to the pilchard which migrate into 
the angliab Channel (end sometimes sloe the southern forth Sea) from southern waters. Sprat oatohee 
are at present snail, but oould be appreciably increased. 

(d) Other evidence of resources 

Incidental oatohee, tqr trawlers end others, of fish other then theme now aaialy exploited are aot 
common in shallow water, lose than oa 200 a. Za deeper wator a wide range of epecies are caught, some 
in fair quantities. Those include fish which night reasonably be need for human consumption - argentine, 
breame, etc., ae well ae leee attractive fish - naoruridm, oto. Since, at theme depths (betwon say 200 
and 1,000s) the bottom slopes steeply, the total area concerned, end therefore probably the potential 
yield ie not great. 
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Besides bottom fish, echo traces in aid-water, probably of fish, MM frequent along tho edge of the 
continental shelf, and over tho oceanic bank* from tho Shotlanda to southwost of Ireland, though no 
details* surveys appear to have boon mad*. Soaa may bo of honing, but othor possible species include 
blue whiting (JJ* pputasspu), mackerel, argent inee, Qadiouluo and ayotophide, etc. Bluo whiting appears 
to bo tho main food of the hake (Eiokling 1927) f particularly medium hako. Larval studies (sec section 
5.5 on Berth 8oa) 9 suggest sustainable yields of 300 , 000 tono of blue whiting from tho area to tho 
wait of Scotland and Ireland* SOM roooaroh trawling for thie species hoji boon dona (Raitt 1967). 
lot at auoh io known of tho sure southern aroa west and southwest of Ireland. Mora species occur, 
but more AM aocoptablo to and used \y tho Pronoh and Spanioh vessels fishing this water, than to tho 
Britioh trawlers, which mainly fiab further north. Probably thoro aro lightly oiploitod stocks, but 
no acre than further north* 



in tho Irish Boa and 



Bristol Channel - there ia leaa evidence of unexploitcd atooka of moderate siaed fish. Stomach con- 
tents ef larger fish, some data oa incidental catches and egg surveys suggest that the most promising 
stocks are aandeela and aprata. Johnson (personal oosaunioation) estimated from sprat sgg surveys 
that there were 30-55,000 tone of adult sprats off the south coast of Ireland ia 1959-60, and 65-650,000 
tona ia the forth Sea, sad possibly aa much again ia ether British waters. The biggest catches of sand- 
eel larvae in tho plankton recorder surveys (Henderson 1961) occurred off the north coast of Soot land, 
and in tho northern approaches to the Irish Sea (the Irish Sea itsslf was act included in the plankton 
recorder surveys). The estimation of potential catches froa larval catohea Iqr plankton recorder data 
has already been discussed for the Horth Sea. The resources of soas species may be under-estimated ty 
this method. For instance, argentines, or silver saslts (Argentina spp.) have bathy-pelagio eggs, 
which do act appear ia surface hauls, though there may be a considerable resource (Wood and Raitt 1963), 
and Russian trawlers have reportedly been fishing for argentines in 1967. Banish vessels have also 
been fishing tor Vorwsy pout off St. Kilds (Raitt 1968). 

la the English Channel a survey of pilchard egga waa carried out ty Gushing (1957), who eatiaated 
that there were 10 10 mature pilchards ia tho Channel. He assumed a mean length of 20.5 oa, which, 
using Lopes ( 1963) data, corresponds to a weight of 65 gm\ the weight of tho stock oaa thus be eeti- 
aated aa 650,000 tona. Bridger ( 1965) carried out extensive studies of the possible development of 
pilchard fishing ia the southwest approaches to tho Channel, including the detailed eohc surveys. Most 
of the identified traces were of pilchards, but horse mackerel, anchovies, sprats sad garfish were also 
found. 

As a first estiaats of the potential yield froa thie stock, which as adults is virtually unex- 
ploitod, a figure of 0.4 x N x standing stock mi*ht be ussd. M, ths natural aorta) ity coefficient, 
ia not known! fish up to 10 years old are found (Bridger 1965), which suggests a value of X of around 
0.5. This gives a potential yield of 130,000 tona. 

5*7 Baltic and adjacent areas 

(a) Separation of stocks 

Tho fish in tho Baltic proper fora clearly separate stocks froa those in the Berth Sea, but those 
ia the Belts are intermediate and probably mix to some extent with those in the Kattegat. 

(b) Demersal stocks 

The state of the demersal stocks in the Baltic waa reviewed ty an ICES special scientific meeting 
ia 1957. The conclusion was that tho demersal stocks (ood, plaice, flounder and dabs) were all heavily 
fished (see ICES 1959, especially papers ty Jensen, Kandler and Thurow, Nulieki, Ratkowioa, Otterlind, 
Dement jeva, Zeaskaya). This conclusion has been supported by later investigations, e.g. Bsgge (1966) 
and Cietlcwios ( 1963) found high fishing rates oa flounder froa tagging, and Otterlind ( 1967) and 
Jensen (1967) observed a decline in the average age and sise of cod. 

Tho actual yiold depeada very critically oa environmental factors. Thus the vast increase of 
cod catches froa tho low level of the 1920s to well above 100,000 tons seems due to tho greater salinil 
especially on the spawning ground and the same changes have reduced the flounder stocks (Dement Jove 
1963, ICES 1959)* Short-term predictions may bo aade froa environmental conditions (Qveveer and: 
Rsnnak 1967), but unleaa environmental conditions oaa bo predicted, such forecasts can be aade into 
the future for at most the average lifespaa of the individual fish. On the assumption that there ere 
ao major changes in the environment, then the potential catches, with the proper management measures, 
such as those outlined Is/ ICES (1959), in force, the potential average annual catch froa Region III ia 
rather above the present (1962-5) level, e.g. 200 ? 000 tons of ood, and 50,000 tona of various flat- 
fishee (mainly plaice and flounders). 
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lo detailed analysis of tbe effect of fiehing on tbe herring or oprat stocks appearo to bare boon 
published. Analysis of statistics ii made difficult y tbo absence of USSR, Polish and Saot Oman 
catches fro* many of tbo volumes of tbo ICES statistics. AIoo small herring ond sprat are not always 
kopt distinct (Elwortowmki ond Popiol 1963). Tboro aro some signs of heavy fishing, e.g. decline in 
oatob POP trap-not in tbo Oulf of Panm ooinoidinf with an increase in tbo number of trapo ( Dement Jeve 
1957)* Pomoibly not much farther increase in average oatob oan bo achieved, bat detailed studies aro 
required* As for tbo donortal oatoboo 9 tbo actual oatob in any futuro yoar dopondo on environmental 
feotorej rooont oatoboo have wronged 275tOOO tonof tbo potontial average oatob nay bo 3CXMOO,000 tons. 
Lishev and Usars ( 1967) considered tbo interaction between cod ond oprat herring. Tboro aro significant 
negative oorrolationo between tbo oatoboo 9 particularly between tbo oatob of ood, and tbo oatob of oprat 
in tbo following yoar. Tbio ii boliovod to bo duo to prodation ty ood - sprat makes up OOM 30)C (by 
weight) of tbo food of ood over 26 cm* Tbo estimated weight of oprat oatoa 9 apparently by tbooo cod 
whiob were subsequently caught in tbo Sbvitt Ootland fiobory t was OOM 46 v 000 tono annually* Tbo total 
consumption mot bo nuob bifbor 9 probably of tbo earn* ordor ao tbo total oprat oateb. Tbo intonoo ood 
fiobory preoumably, tboroforo 9 bao OOM bonofioial offoot on otooko and oatoboo of oprat ond aloo 
borring 9 tbougb tbo offoot on oatoboo cannot ao yot bo Manured quantitatively. Tboro io no evidence 
that tbo fiobory for oprat or berrinf bao any Maourablo offoot on ood otooko or oatoboa. 

(d) Otbor reoourooo 

Tboro aro no indication* of largo otooko of fiab of epeoiee otbor tban tboee already exploited. 
Bobo mrvoyo V bind quiet ( 1964) off tbe Swedieb woot ooaet revealed no traoeo otber tban thoee boliovod 
to bo oprat, or enall herring. There are reoourooo of aollueoe and oruetaoeane, but tbeoe aro ooneidered 
in eeparate obaptere. 

5*8 Southern watoro 
(a) DoMroal fioh 

Tbo population dynamioe of tbo deaereal etooke in tbio area ( froa Uehant to tbo Strait of 
Gibraltar) hare not boon etudied in ouob detail ae those further north. To BOM extent thio ii duo 
to ohortooningi in tbo etatietioe (little data on fiehing of fort and inadequate data on area of cap- 
ture), lo Mtod above (oootion 5.3) *OM of tbo oatoboo recorded in tbo Bulletin ' Statietique ao 
fron thie area in fact OOM from tbo ground* to tbo wert and eoutbireet of tbo Britieb lolee. 



Hake is tbo most important demereal speoies. Tbo stocks have probably boon heavily fished for a 
long time (Letaoonnoux 1951). Tory mall hake aro caught in OOM areas - Meriel-Bussy { 1966 a) ~ 
reported a modal length of 10-14 om on catches in lovember, and Rodrigues et al. (1963) found a Mdo 
1$ om, and about 2JJt by number of "non-commercial 11 bake in experimental trawling in tbo Bay of Biscay. 
This may bo contrasted with a modal length of 50-60 om in tbo landings at flootwood by tnglish trawlers 
fishing to tbo west pf Scotland. Since tbo growth of bake in tbo two areas io not vastly different 
(Meriel-Bussy 1966 ), a difference of length of four times, and in weight of perhaps 90 tiMS - and 
even Mrs in value - shows that tbo benefit from adequate management of tbo bake stocks oould bo very 
large. Tbo difference botwoon catches ty different groups of vessels loading at La Boohello ii ibown 
clearly by Meriel-Bussy (1967). Tbo deep-sea trawlers land approximately equal quantities of five 
out of tbo six sise categories, but few of tbo smallest sissf tbo landings my Mall veseele ( art i sane) 
contain some 6QJt of tbo smallest categories, while tbo short-lived gill-net fishery, apparently based 
on a limited stock of old flab (Quero and Meriel-Bussy 1967) consisted of 90)1 of largo hake. Tbo 
potontial yield is difficult to estimate with any precision. Tbo recorded oatob in 1969 Iron 100 
Regions nil and ZZ was 95 1 000 tons but MM of this (perhaps, as iuggoitod in Motion 55t *0 9 000 
tons) was in fact caught further north eo that tbo real catches might bo only 75 000 ton*. Tbo 
potontial oatob ii likely to bo substantially bigger, and My well bo 100,000 tons, but probably 
Mt very much more. 

Tbo otbor important demersal speoies (breams, flatfishes, etc.) aro probably aleo heavily fiehed. 
Letaoonnoux ( 1948) found after tbo war a big increase in tbo oatob per hour of trawlers fishing out 
of La Boohelle for Marly all speoies | however, tbo area of fishing was Mt given in detail, and was 
probably at tbo northern edge of tbo present area, and including part of ICES Region VIZ. Tboro ie 
no reason to suppose that tbo catches of those speoies presently exploited oan bo increased substan- 
tiallyi any increase ii Mrs likely to result from better management tban from increased fishing. 

Tboro ii little evidence concerning possible demersal stocks other tban tbooo at _ 
Bodriguos t al. ( 1963) gives data of oatohee with Mall Msbed trawls in t*e ooutboaot oomor of tbo lay of 
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Bieoays the aajor epceiee war* hake, pout (. luaoual , blue whiting (JJ. poutaaaoul , aaglor, aqaid and 
ootepua. 

(b) Pelagic ttah 

The aoet iaportant pelegio epeeiee io the eardine (pilchard). The available etatietioe ap to 
1996 have been reviewed by BLeoel (1960). The total oatoh baa fluctuated between 1JO*20 f OO ton* 
IBM 1940 - and probably im the MM range einoe at leaat 192? if allowance it aade far the Spaaleh. 
catch, the etatietioa of wfeioh wove aot available for the period 1927-40* ttedol believed that tho 
fiahiag effort, in ton* of aaapovor, boat* and general technical pvegreaa, baa iaoreaeed ever tho 
pafiadf tho laak of any appreciable inoreaae in total landing indioatod that tho level af effort in 
tho 1920o and 1930o repreoopted a balaaaa between fiohiaf input and abundanoo (i.o. faro aot mob 
loaa than tho aajEiaua avorafo ammal oat oh). Siaoo 1956 thai* baa In fact boon a altfht Inoroaao to 
batwaon 220-290,000 toaa in tho total oardino oatohaa - aainly froa Portugal, whilo tho fronoh oatoh 
baa tondad to dooroaao* ffbaro haro aot boon BOPO vooaat pubiiahod atudioa oonoomiaf tho offoot of 
fiahiag on tboao atooka, bat it appooro that Biodol probably undoz^-oatiaatod tho potoatial yiold, 
which ia likoly to bo at ioaot 250,000 tona, and nifht noil bo hifhor. 

Tho 100 otatiatioa inolvdo ooao 100,000 tona of Tarioua oiupooidaf MM of tboao a^r bo oardinoa, 
but tho total inolttdoa aaohorioa t and poaaiUy a fav aprata. Horoo aaokorol (oa 100,000 toaa) and 
naokorol (oa 30,000 tona) aro alao iaportant, but for aono of thoaa apooioa aro thoro pabliahod atudiaa 
on nhioh oatiamtoa of tho potontial yiold oan bo baaod. It ia probabla that tho fomar at laaat aro 
loaa boavily fiahod than tbo oardino, and oatohoa oan bo aodoratoly inoraaaod (aoo bolow 

and larvao). 



Tuna (bluofin, albeoore and bonito) aro caught in tho area, bat theee atooka are being eeaaidored 
ia a eeparate etu4y, dealing with tho tuna atooka of tho world aa a whole. Similar epeoialiaed atudiea 
havo bean aada of the cruataoean, and aolluaoaa reacurcoa (aoe relevant ohaptora). 

(a) Kaj?a and larva* 

Tho distribution of theoe ia the Bay of Biacay during 19*4 baa been doaoribod by Arbaalt and 
Boutin (1967)* Four aurveya wore aada with a Baaaea aot ia Februaiy, Nay, Aiiguat aad loveabor. a> 
far tho aoot abundant larva* wore aardLnoat anchovy egga wore aa abundant a* aardino egga, bat aaohovy 
larrao were cooperatively ooaroe. Kgga aad larva* of bake, hcree aaokerel, dragoaot (Oallienywua 
Irra) aad aaokorol were rather leaa abundant - of tho ordor of cue-tenth of tho abundance of aardineo 
andanchovy. Othor epecioa wore oven leaa abundant. Thia auggeate that there are no iaportant atooka 
other than oonaidered above* Alao, tbo low auabor of ogga aad larva* of borae aackerol aad aaokorol 
relative to aardiaoo anggeata that either tho potoatial of theoe apooioa ia aot aaoh greater than the 
preeeat oatohee, or that tho potoatial of aardino io appreciably greater than proaoat oatcheo. 



6. 



6.1 



Tho oatiaatoa of potoatial oatohoa aada ia tho prorioua aootioa havo boon ananariaod ia Tablo B2. 
Quoation aarko, and braokota ploa qooation aarka donoto iaoraaaiaf dofrooo of oaoortainty ia tbo 
oatiaatoa. Vhoro it io qoito iapoaoiblo to aaka any roaaonabla oatiaata, tho probablo ordor of 

baa boon indioatod, i.o. x 10, botwoon 10-100,000 toaof a 100, batwooa 100,000-1 Billion tona 



Two totala havo boon givoa for oaoh aroaj tho firat (A), iaoiodinf only tboaa atooka for whioh 
aa aotoal oatiaato of potoatial yiold (bowovor iaprooioa) baa boon givoa. Tho aoooad total (l) 
inoludoa thooo otooka for whioh only an ordor of aaiaitudo figuro ia wrailablo. In calculating thoaa 



totala (aad tho relevant apeoiee totala) potoatial oatohoo entered ia Table B2 aa (x 10) havo been 
taken aa 30,000 toae, aad (x 100) aa 300,000 tona. All totala have bean rouaded off. 

Tbo potential oatohoa ia oaoh aajor aroa havo aloe boon auaaariaod ia Table B}. For ooapariecn 
with eatiaatea of priaary production, aad of tbo production at other trophic lovela, tbo apeeioa of 
fiah have been olmaeificd a* accplanktcn eatero (tho pelagic flab, excluding tuna, aqoid, aaadaela, 
Icmey pout, blue waiting and other aaali doaaraal fiah) and tho root. Thia diviaioa, denoted ia the 
table a* 'pelagic' aad 'deacroal' ia aoaawhat arbitrary aad dooa aot ccrreapcnd exaotly to firat and 
aoooad atage prodatora. Many of tbo foraa of tbo aooplankton oonauaed aro predaftora - ouphaoaida, 
larval fiah, etc., while aaoh of tbo production of large predatory ,fi eh, auoh aa cod, ooaea froa 
aooplaaktoa oonouaad when aaall. 
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Table B2 - Potential yiolde from the IOCS area ('000 tons) 





It 11 


Va, HV 


Vb 


IV /Ilia 


VI, VII 


nn, iz 


Illbod 




Actual 




fB Arctic 


Iceland 


Paroee 


forth Sea 


Veeterly 


Bieoay A 


Baltic 


Total 


Catch 














Portugal 


ABelte 




1968 


Plaice 


I 


10. 


+ 


100 


10 


2 


12 


170 


130 


Long rough 


(200)7 


(200)?. 


(xl)? 


(at 10)7 


- 


- 


. 


400 


fo data 


dab 




















Otter flatfiah 


20 





60 


42 


20? 


S2 


200 


150(h) 


Ocd 


| j || 000 


jgj* 





JjO 


22 


2 


200 


2,000 


2,010 


Haddock 


200 


li 


22 


JJO 


jg 


^ 


- 


465 


385 


Hake 


- 


- 


- 


2 


22 


100 


- 


150 


110(h) 


Saitte 


m 


JB> 


20 


222 


i2 


- 


- 


425 


318 


Whiting 


- 


i * 


4- 


J2S 


22 


5 


- 


200 


189 


f crway pout 


- 


(*10)7* 


(x10)7 


(I00f)7 


(x10)7 


(*10)7 


- 


(200) 


469(i) 


Blue whiting 


(x10)7 


(10)7* 


(*10)7 


(f) 


(300)7(f) 


(r100)7 


- 


(500) 


fo data 


Otter large 


22 


60 * 


^ 





^2 


100? 


- 


300 


200 (h) 


Redfieh 


22 


200. 


JO 


- 


- 


- 


- 


300 


137 


Otter wall 
deaereal 


(500)7(c) 


(*10)7(d)* 


(10)7(d 


) (I00)7(b) 


(x100)7(d) 


(r100)7(d) 


- 


(1,000) 


60(h) 


Seadeele 


- 


(x10)7 


(*10)t 


(350)7 


(100)7 


(10)7 





(500) 


194 


Oapelin 


500+7 


(*100)7* 


- 


- 


- 


- 


- 


(1,000) 


615 


Argentine* 





(x10)7* 


(x10)? 


* 


(z10)7 


- 





(100) 


- 


Horeo Mackerel - - 


(10)7 


(x100)7 


I50f? 





(500) 


120(h) 


Herring 


800(a) 


J00(*) 


J^(*) 


i t ooo 


200 


- 


2507 


3,000 


2,283 


Pilchard 


- 


- 


- 


M- 


(130) 


250* 


- 


400 


200 


Sprat 


- 


- 


- 


(250)7 


(250)7 


-f 


1007 


600 


140(h) 


Anchovy 


- 


- 


- 


H. 


H. 


(x100)7 


- 


(300) 


fo data 


Tunaa 


- 


- 


- 


5T(g 


\ ^i tt\ 

/ * V 0J/ 


12*-() 


- 


70 


50(h) 


Mackerel 


- 


- 


* 


550? (t 


) () 


5gf? 


- 


600 


900(h) 


Dogfiiho* 


y 


J[ * 


J[ 


2 


J5 ? 


JO? 


- 


60 


38 


Skatee 


SP 


1 


+ 


20 


257 


JO? 


- 


60 


35 


Squid 


(*10)7 


(*10)7 v 


(10)7 


(10)7 


(x10)7 


(z100)7 


- 


(1,000)7 


5 


TOTAL U) 


3,550 


1,900 


125 


3,125 


1,300 


750 


600 (U.OOO) 


9,400(h) 


TOTAL (B) 


3,600 


2,200 


250 


3,300 


1,900 


2,000 


600 







+ Probably ICM than 1,000 ton* 

4+ Uncertain, but Mall, probably only a few thousand tone 

(a) Atlanto-Soandian terriaf. A total for all ana* of 1.5 Million tone in split rather 

arbitrarily tetwccn tte rtfionc 

Pent whitinf , furnarde, etc. 

Mainly pclar cod (Bcreogadai eaida) 

Inoludei argentinee 

Xaekerel reeouroee ef Ilia, n and 711 included in forth Sea 

Blue whitinf reeourcee ef forth Sea included in VI and VII 
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Hottt - (oont. Table B2) 

(g) Discussed in detail in chapter dealing with world tuna resources 
(h) Estimated 



Possibly included small haddock 
i 

Single underlining t moderately heavily fished, but increased fishing likely to give sons increase 
in oatoh 

heavily fished, any increase in oatoh will oomo from bettor management, and 
not from increased fishing 



TablsB3 - Potantial and actual yialds froa aaoh arta of the Northeast Atlantio, and potential 
yialds par unit arsa 



Regions 




It II 
HE Arctic 


Va, XIV 
Iceland 


Vb 
Faroes 


IV, Ilia 
North Sea 


VI, VII 
Westerly 


nn, ix 

Bisoay & 


III 
Baltic 


Total 


Area ('OOO la 2 ) 

Potential oat oho 
COOO tona)i 

Pelagio 
Demersal 


1,300 

1,300 
2,200 


150 

1,100 
1,200 


25 

100 
150 


600 

2,300 
1,000 


500 

1f050 
850 


160 

1,200 
800 


420 

350 
250 


7,400 
6,650 


TOTAL 


3,500 


2,300 


250 


3,300 


1,900 


2,000 


600 


14,000 


Kg/a*s 

Pelagio 
Demersal 


10 
17 


73 
80 


40 
60 


38 
17 


21 
17 


75 
50 


8 
6 




TOTAL 


27 


153 


100 


55 


38 


125 


14 




Ratios 

Pelagio/ 
Deaersal 


0.6 


0.9 


0.7 


2.2 


1.3 


1.5 


1. 


3 


190 Catohest 

Pelagio 
BeflMrsal 


1,250 
1i482 


116 
721 


9 
99 


1,978 
1,368 


225 
262 


598 
228 


110 
300 




TOTAL 


2,732 


837 


107 


3,346 


487 


826 


410 





Also shown in the table are the areas of bottom less than 200 in eaoh area, sad the estimated 
potential yields expressed as kg/ha* If 10* of the weight of fish is oarbon, then these figures should 
be divided * 100 to give the yield as gG/m?. They should be divid ' ' " 



divided ty 10 to give it as tons/km 2 . 



These figures should be treated with some reserve, and have in faot been rounded off to the first 
or second significant figure, and so may mot correspond precisely with additions from Tabls B2. Some 
general comments sad conclusions may be made. 

From north to south (excluding the Baltic) there is a fairly steady reduction in the proportion 
of demersal fish, relative to the pelagic fish. This may well be related to the mature of the produc- 
tive cycle, which is very highly seasonal in the north, but more uniform throughout the year in the 
south. 
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The magnitude of the potential yield per unit area it quite variable. Son* of thie variation ie 
no doubt due to error* in the estimates, but eone ie real. Thue the low figure* for the Baltic, and 
probably aleo the Barente Sea, are due to areae of very low primary production in theee region* - the 
Gulf of Bothnia, and north-eaetern Barente Sea. In region* with narrow continental ahelve* the figure* 
are probably Misleading in that much of the fi*h production cone* from primary production ooourring off 
the continental ahelve*. Thie may occur to a large extent at Iceland, Faroe* and Bieoay and Portugal. 
It i* probably lee* important in the westerly region, de*pite the long boundary between the ehelf and 
the deep ocean, beoauee much of the fieh production occur* in more or le** enoloeed water* - English 
Channel t Irish Sea and the Ninohe*. Making allowance for the** factor*, the oon*i*t*noy between the 
figure* i* fairly good. 

6,2 Comparison of potential fieh yield* and primary production 

Beoauee of the probability of unknown contribution* from primary production from off the continen- 
tal *h*lf, a* noted above, only for the North Sea and the Baltic may a direct comparison between 
primary production and fi*h potential be possible. For the forth Sea, thi* ha* been reviewed by 
Steele (1965). Hi* figure* for fi*h yield are slightly different from those derived her*. Hi* are 
of total fi*h production, not only that part of the production that i*, or could be, taken ty an. 
The figure* were actually calculated a* the weight of fi*h flying, ty multiplying the catch by the 
ratio of total to fiahing mortality; thi* i* clearly equal in a *tea4y *tate situation to the produc- 
tion of fi*h of ooameroial *i*e. Thi* *hould give an under-esttaate of the actual production of fi*h, 
beoauee omitted from the calculation are fiah which die before reaching commercial *ise, and fi*h from 
unerploited *took*. The analyse* here suggest the latter are not very large. However, fi*h yield, in 
the sense that he uses it, should be greater than used here because Steele *s oase refer* to the yield 
to all consumers of fish, not just to man. In even the best managed fishery there mu*t be 9 lo**** f 
to other predator*, disease, eto. Allowing for losses both before and after reaching the optimum 
i** at fir*t capture, the total fi*h production i* likely to be at least JOJt greater than the potential 
yield. 



For these reason*, the near coincidence between the estimates of fi*h yield (0.81 gC/m here, 
and 0.77 gC/>r by Steele) i* Just a coincidence, especially as Steele used too low a figure (3.3 z 
105 km 2 ) for the area of the North S*a, and hi* yield should be nearer 0.6 gC/m 2 . From the assess- 
ments made in this report, the fish yield in his sense may be estimated a* around 1.2 gC/m 2 . 



However, the difference* are not great when considering the order of magnitude of the difference 
between primary production and fish yield. In particular the area taken for the North Sea doe* not 
affect at all the arguments put forward tor Steele. 

A* he point* out, if a 10jt reduction i* assumed at each trophio level then the production of 
herbivore* i* 10J& of the primary production (100 gC/yyear) , and i.e. 10 gC/m 2 ! working from the 
other end, the production of the food eaten by the fieh 10 time* the yield, i.e. 6-12 gC/*r. On thi* 
assumption, if the production figures are right then fish must eat herbivores, and must also be the 
main consumer of herbivore*. Neither of these is true, and the production figure* are not likely to 
be greatly in error. That for primary production might, at the very worst, be too low ty * factor of 
two; the potential fish production muat at least be as great as the average recent catches, which, for 
demersal fish in particular, are not much less than the eetimate* of potential yield given here. It 
i* interesting that sine* Steele drew attention to the remarkable constancy of demersal catch** over 
the past 50 year* (400,000 ton* t 20)1), there ha* been a rapid increase to 1 million ton* in 1966 and 1.3 
million ton* in 1965* Thi* increase may be due to different reasons in different *took*, but the 
increase in haddock catches is due largely to the outstanding 1962 year-ola*s. The history of thi* 
and other outstanding year-classes of haddock, *ugge*t* that at it* normal abundance the haddock stock 
does not fully use its available food resources* There is a reduction in growth in a good year-class, 
but thi* i* ty no mean* enough to counterbalance the increased numbers* The total weight increment, 
and presumably also the food consumption, is much greater for strong year-classes. 

From this, therefore, it follow* that the efficiency of transfer from one trophio level mu*t be 
more than 10, or the 12jb maximum found in experiments by Slobodkin (1959). Explanation* for thi* have 
been then suggested by Steele, who, following MaoArthur ( 1955) i believes that the efficiency in higher 
latitudes may b* higher beoau** the productive cycle i* seasonal. This i* important for the present 
tudi** of the world fish potential in that estimates of the potential in tropical or sub-tropical 
water* based on temperate fish potential, and the relative primary production may give too high figure*. 
Regarding the North Sea estimates of fish potential, the comparison with primary production, suggests 
that probably no large fish potential ha* been omitted, (it ha* been drawn to my attention since 
writing thi* Motion that estimates of primary production u*ing the GU technique mad* in the period 
195&-66 are probably too low, and *hould be increased ty a factor of 1.45* This will reduce the dis- 
crepancy to some extent.) 
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In tha Barents Saa, estimates of production of phytopltnkton made tgr Russian scientists (Bogdanov 
personal ooamuaioation) ara of total production of 1.2 x 10? tons, or about 1,000 g/a 2 (net weight). 
Thia (atauaiag 10)1 oarbon) ia about tba same primary produotion par unit area aa tba forth Saa, but 
tha aatiaataa of fiah production ara about one-third - i.e. more nearly in accordance with a reduction 
of 10)1 at eaoh trophio level, with tha major daaaraal apaoiaa - ood, haddock, ate., being three atagaa 
< removed from tba primary produotion. However, if tba efficiency iaoraaaaa with latitude tbaa tha 
Barents Saa should ba more productive than tha forth Saa. Poaaibla axplaaatioaa include (i) tba 
estimate of primary produotion ia too high* (ii) tha estimate of fiah potential ia too low; (iii) tba 
efficiency ia tba Barents Saa ia lowar than tha forth Seat (iv) most of tba production ia tha Barentt 
Saa ends in blind allays - forms auob aa Jellyfish, ttarfish, ato. , which ara at present uaauitabla 
directly or indirectly for harvest \y man. Soaa indication that tha production of ood it liaited 1y 
the original primary production is given tgr tha obeervation of Ponomarenko (1967) that tha growth rate 
of ood has increased, apparently due to tha reduced abundanoe of tha praaaat atook. Tha biggaat 
changes ara among tba young (laaa tbaa 4-year-old) fiah, which suggests that tha supply of food to 
tha oldar fiah ia less limiting. 

Ia the Baltic tha aatiaataa of .production art 34 > 10* toaa phyto and aooplaaktoa (Bogdanov 
personal communication) aad 10 x 10 6 baathoa. If fiah ara respectively 2 aad 1 trophio levels removed, 
aad dividing these figures by 10 2 aad 10 1 givet a potential fiah yiald of 340,000 plua 1 million toaa. 
Thia ia wall above tha estiaatet ia Table B3f tha seme possible axplaaatioaa exist aa for tha Barentt 
Saa of which tha possibility of much of tha baathoa produotion being uaauitabla for consumption V 
fiah aaaaa particularly likely. Thia emphasises tha aaad for qualitative aa wall aa quantitative 
atudiaa of production. 

6.3 faada for further ttudy 

Too much of tha aatiaataa of potential yiald presented hero ara very tentative, ao that it ia a 
truism to say that much further research ia aaadad ia all tba branches of fishery science involved. 
Certain particular itaaa can ba distinguished at needing special attention. These include t 

(a) Primary production - a more detailed review of available published aad unpublished data, includ- 
ing a review of tha comparability of different methods, further obtervationt ia tome araaa or 
aaaaoaa. Examination of tba possibility of uaiag rapid atthoda of aatiaatiag productivity, e.g. 
from 'greenness* of plankton recorder material ( though greeimett it a measure of standing crop, 
not, direotly, of produotion). < 

(b) Zooplaaktoa aad baathoa - further atudiaa generally, etpeoially aa regards produotion, aa opposed 
to standing crop, 

(o) Stock aaaaaaaaat - more atudiaa generally, but particularly for those atooka with lonf-establithec 
fisheriee, tad which have had tometimet extensive biological research, without axplioit atook 
attetsaent ttudiaa, e.g. tardine. 

(d) Eggt aad larvae - general ttudiaa oa tba likely precision achieved ty uaiag agga or larvae at 
quantitative measures of tha potential yiald. Examinations of tha variation of tha ratios, 
standing crop of larvae t ataadiag crop of aAiltt t t potential. Do tha large auabara of agga tad 
larvae from aoaa apaoiaa (loag rough dab, oceanic radfiah) really indicate largo potential? Tha 
carrying out, if necessary, in certain araaa of aurvaya of agga aad larvae tpecifioally aiaad 
at atook assetsment. 

(a) Acoustic aathoda - further use ia appropriate araaa of these methodt of resource survey. 

All tba above apply ia particular to those stocks/areas where there appeart to ba a oontiderable 
under-exploited resource -, blue whiting, argentinet, sandaels, oapalia, etpeoially round Iceland, 
horse maokerel, pilchard ia tba English Channel, sprata tothewett of tba British Zalaa, anchovy 
aad tquidt. 

Tba discussion ia tba previous section shows that tba simple model of food obaiaa ia tba sea, 
with two or acre distinct trophio levels from primacy production to flab, and a 10Jt loaa at eaoh 
step, gives a poor representation of reality, at least ia tba forth Saa. Alto tba produotion of 
fish, etpeoially daaaraal fiah, aay ba auob oloaar to tba iiait of production at tba later atagaa 
of tba food chain aat ty tba total primary production tbaa ia auggaatad by tba simpler aodelt of fiah 
population 4ynamiot. f^m f^t, m important not only for tba praaaat type of stud>, but alto for 
problems of fisheries management. There ia, therefore, aa urgent aaad for farther retearoh ia thia 
field. 
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1 . TOPOGRAPHY 

The Mediterranean Sea ie a largo, almost land-looked water maae, which separates the European 
Continent from Afrioa and Aeia. It ia oonnaotad to tha laat with tha Marmara 8aa and the Black 
Sea and it communicates with the aurfaoe lay era of the Atlantic Ocean through the narrow Strait 
of Gibraltar (till depth 320 m). 



The continuity of the water maaeea in the Mediterranean ia broken up ty the great variety of 
land areaa in ehape, aiie and Mountain eyateme, aome of which have submerged prolongation. A eub- 
marine ridge between Sicily and Cape Bon in Tunisia, having a maximum depth of a few hundred me tree, 
dividea the Mediterranean into weetern and eaatern parta v oriented along a northweet-aouthoaet 
axis* Another aubmarine ridge exiata between the Adriatic Sea and the Levantine Baain. 

The wee tern part of the Mediterranean haa the following three deep baainax 
the Alboran Baain. eaat of Gibraltar, between the ooaata of Spain and Morocco; 

the Al*ero-Liaur}an Baain. containing the Balearic Islands; it includea trenohea more than 
3,000 m deep, eapeoially between Sardinia and Minorca; 

the Tyrrhenian Baain. located north of the Sicilian Strait, between Italy and the ialanda 
Coraiea and Sardinia) it haa a wide area below 3,000 

The eaatern Mediterranean haa the following deep basins: 

the Ionian Baain . with ita deep aea floor* A aubmarine ridge between weetern Crete and 
Cyrenaioa aeparatea thia baain from: 



located between the Ionian Baain and the elope of Aaia Minor. The Crete 



I aland aeparatea it from: 

the Aegean region, aituated between Crete I aland, the Strait of Dardanellea, the mainland of 
Oreeoe and Aaia Minor* It oontaina aeveral deepa and trougha, a pa rated partially by riaea and 
ridges ) 

the Adriatic Sea* between Italy and Tugoalavia, conaiating of a aha 1 low northern aeotion, a 
middle baain with a depth of 200 m and a 1,300 m deep baain in the aouth. 

Except for the Adriatic Sea v all mentioned major eub-divi alone of the Mediterranean reach 
great dtp tha. Generally the coaata are rooky and mountainoue f and the continental ahelf ateep and 
narrow. There are two major areaa of wide ahelf - in the northern part of the Adriatic, and off 
eaatern Tuniaia. Smaller areaa of ahelf are off the Vile delta, along the Libyan ooaat, off 
Valencia, and in the Gulf of Liona. The total area down to 100 ft (180 m) ia about 500,000 km 2 . 

The Black Sea ia formed ty a deep oval baain, with a ateep and narrow ahelf to the aouth, 
and two wide expanaea of ahallow water to the north - the almoat entirely encloaed Sea of ABOV 
(38,000 km 2 , with a mean depth of leaa than 10 m) and an open area of about the aame extent weat 
of the Crimea. The aouthern short ia ateep, with only a narrow atrip of ahallow water. 

2. HYDROGRAPHY 

2*1 Water maaaea 

The hydrological conditiona in the Mediterranean are dominated by the preaenoe of three 
layera of water maaaea t the aurface layer, the intermediate layer and the deep layer, which 
oontinuea down to the bottom (a aeparate bottom layer ia abaent). 

The main characteristics of theae Mediterranean water maaaea (Tohernia 1960) ares 

(a) the aurfaoa layer haa a thickness which generally variea between 75 *nd 300 m but may 
be only 30-40 m in the Adriatic. Thia variable thiokneaa ia determined by the preaenoe 
of a minimum temperature at ita lower limit) 

(*) tha intermediate layer ia occupied by warm and aaline water coming from tha eastern 
Mediterranean and characterised by temperature and salinity maxima at 400 m depth* 
The extent of the inflow of thia water into the Adriatic variea very much from year to 
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year (Bui Jan 1953, 1997). Thia layer is situated in depths of between 300 and 600 JR. 
Over the sill of the Strait of Sicily, the water of thia layer has a temperature of about 
UC, a aalinity of 38.7%o and a sigma-t of 29.04. Salinities ovsr 38.7%o exist only 
aouth and aaat of Sicily, but navar in tha waatarn Naditarranaanf 

(o) tha daap layer oooupiaa tha remaining aona between tha intermediate layar and tha bottom. 
Tha approximate temperatures, in thia sona are* 12.9C at 1,000 m and 13.1C at 2,500 m; 
ita aalinity ia aa high aa 38. 60/00 in tha Adriatic, but generally 38.4/o or alightly 
laaa (Zorc-Armanda 1963). In general, tha vatar of thia layar ia vary homogeneous* 

Tha Blaok Saa ia strongly atratifiad. Tha lower laval ia notioaabla for tha vary low oxygen 
lavala and oonoantration of hydrogan aulfida. Tha aalinity ia moderately low (21-22. 5/ ) * nd 
tha temperature around 8-900 all year. Thia ia oovarad by a layar, 150-200 thick, of vary low 
aalinity watar (l6-l8/ in tha central part) whan temperature rangaa from 6C in winter to 
25C in summer. 

2.2 Curranta 

Tha circulation on tha aurfaoa ourranta in tha Maditarranaan can be summarised aa followas 

(a) Tha Atlantic waters entering tha Maditarranaan flow mainly along tha African coast, alao 
reaching tha eastern part of thia aoa. 

(b) Savaral branohaa originate from the main current flowing eastwards! during tha summer 
one off Biiarta flowa towards tha Tyrrhenian Sea; the other divergea off Palermo 
(Sicily), oroaaiag thia Saa. Thia branch ia called tha H Central fyrrhenian Currant 19 ; 
it enters tha Ligurian Saa, tha Gulf of Genoa and tha region off tha Riviera. In front 
of the Hjrerea Islands, it sub-divides into two branches , one of whioh oontinuaa ita 
flow along tha French and Spanish coast, whilst tha other divargaa southward , arrives 
at tha ooaat of Corsica and flows again northward. In thia way, it contributes to tha 
formation of a large cyclonic movement. 

(o) Batwaan tha Balearic lalanda and Sardinia, the currents are weak and change their 

direction frequently, except along tha coast of Sardinia, where tha currant flows south- 
eastward along tha ooaat of Italy. 

(d) During tha winter, there appears to be an intensification of currents connected with tha 
eddy existing in tha Ligurian Saa. It results from the oyologanatio tranda over the 
western Maditarranaan in this oold saason whioh givas rise to strong easterly winds more 
frequently than in summer. 

(e) In big bays, like Or an, Arsaw and Alger, there exists an inverted Maditarranaan Current, 
characterised by salinities of 37*5 to 38. 3 / 00 ' 

(f ) Part of tha Atlantic waters penetrate into tha eastern Maditarranaan through tha straits 
batwaan Crate and tha African ooaat. In thair further course, thasa waters follow tha 
ooast of Levant in cyclonic route and in tha neighbourhood of Rhodes they antar tha 
Aegean Saa. 

(g) The southern Adriatic is strongly affected by currents coming from tha Aegean Saa and 
partly from the weat along the ooaat of Sicily and tha southern ooast of tha Italian 
peninaula. There are oonaiderabla aeasonal ohangaa. Tha dominant currant in summer is 
outward along the weat side, and in winter inward along the eaat ooaat (Zore-Armanda 
1968, 1969). 

Between tha Blaok Saa and tha Mediterranean, there is a surface current carrying low aalinity 
watar into tha Mediterranean, and an under-current of high salinity watar into tha Blaok Saa. 
Within tha Blaok Saa, tha general aurfaoa circulation along tha ooasts is anti-clockwise, tha 
strongest elements being along tha eastern and southern ooasts. These ourranta form eastern and 
western gyrala. 

Freshwater discharge ia important in the Blaok Saa, and in tha Maditarranaan tha major dis- 
charge has been from tha Vile; large aeasonal variations in tha lile discharge influence tha 
hydrology, productivity and fiahariea of the eastern Maditarranaan. It reduoea the salinity 
of tha ooaatal watara and increases tha stratification. Tha flood of tha Mils occurs batwaan 
August and November. During thaaa months, tha river tranaporta a larga amount of suspended 
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partiolea. The inorganic and organic matter amounted to 4 kg/m^. Silt partiolea in tha Vila 
abaorb phosphates and nitrates. In oontaot with tha aaa water, rapid aedimentation oooura followed 
by tha gradual mixing with tha marina water a. 

Tha recently built dams at Aswan will raduoa tha flow of tha Vila watara into tha aaa which 
night oauaa aoologioal ohangaa of diraot influanoa on tha fiahariaa in thia region. 

The Sues Canal forma a man-made connection between the Mediterranean Sea and tha Bad Sea. 
Tha exchange of water through the Suet Canal ia negligible compared with tha exchange through 
Gibraltar. It ia baaed on warm aurfaoe water flowing from the Bad Sea into tha Mediterranean 
and colder bottom water moving in the oppoaite direction* 

The general water budget of the Mediterranean ia given in Table C1 balowt 
Table C1 - Water budget of the Mediterranean Sea (Svadrup jg al T 1942) 



Oaina 


^/sec Losses 


.3/... 


Inflow from the Atlantic 


1,750,000 Outflow to tha Atlantic 


1,680,000 


Inflow from the Black Sea 


12,600 Outflow to the Black Sea 


6,100 


Precipitation 


31,600 Evaporation 


115,400 


Run-off 


7,300 




TOTAL 


1,801,500 


1,801,500 



2.3 Vutrianta 

In the Mediterranean Sea, nutrienta are aoaroe and decline in concentration towarda tha eaet* 

In tha western Mediterranean, in addition to the biogenic run-off from tha rivera, tha influx 
of Atlantic watara auppliaa eoroe nutrienta. However, the exchange over the aill at Gibraltar con- 
stantly withdraws nutrianta from the reaaonably rich intermediate layera and thua reduces tha 
accumulation of nutrianta in deep layera* 

Low nutrient concent rationa occur in the Aegean and southern Adriatic Saaa due to such factors 
aa aporadio run-off, bad drainage, inadequate mixing and over-turn of water masses and limited 
biological regeneration of nutrient material* Nutrianta increase during yaara of high inflow of 
intermediate water (Bui Jan 1953). 

The northern Adriatic receives run-off from rivers in northern Italy. While nitrataa and 
nitritea are common, especially in winter, phosphates are always scarce (Cicatalli 196?) Tha 
drainage to tha eastern Mediterranean, with the exception of the southern seotor, ia partly from 
tha Black Sea into which flow the major river systems. These rivere, however, have great aeaaonal 
variationa in tha biogenio run-off and thua in tha transfer of. these elements to tha Mediterranean 
via the Black Sea* Biogenio oontributiona from the land drainage are extremely snail, but contri- 
butions from erosion may be aignifioantly more than those from other sources (MoOill 1965)* 

3* PRIMAHT AVD 3BCQN2AKT PRODUCTION 
3.1 Primary production 

The primary production in the region ia generally low, but moderately high in some parta, 
especially in tha Black Sea. 

Xondratiava (1965) pointed out that affective potential productivity of phytoplanktcn in 
various regions of tha Mediterranean may vary from 7 to 157 /* * 24 hours. Tha lowaat vsluee 
have baan observed in tha Ionian Sea in the Levant (7-21 mg/m!) while tha highest occur in tha 
Adriatic Saa where valuaa as high aa 120-364 gC/m 2 /yesr have baan obtained by tha oxygen method 
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(Buljan 1969, Puoher-Potkovic 1969)* *noee values are low in comparison with the Black Sea 
(106-1,330 mg/m3). Similar results have been obtained by the chlorophyll and radioactive method. 
The available data for the upper layer of the Mediterranean (0-50 ) indicate high productivity 
of the Black 8ea v Adriatic, Strait of Gibraltar, and along the coaet of Algeria; intermediate 
values for the Strait of Tuniaia and low valuea for Tyrrhenian, Ionian and Levant Seas. 

In general, the primary production of phytoplankton in the Levant ie low and may vary from 
0.1 mgC/2/dy to 31.2 mgC/m2/*ay (Oren pereonal communication). The production of the Western 
Baain ia higher. NoOill (1961) estimated that in Monaco it variea between 31*5 to 42.0 mgC/mZ/dsy. 

3*2 Zoo plank ton 

Quantities of aooplankton appear to be emaller in the Mediterranean Sea than in the North 
Atlantic. Oilat il al. (1965) atudied sooplankton in the Ligurian Sea (weatem Mediterranean) 
and compared the reeulte with those obtained in the Northwest Atlantic and the Indian Ocean. 
Monthly average displacement volumes (c3/i f QOO m3) are given which indicate that the Ligurian 
Sea produces less sooplankton than the other two areas* 

In the Ligurian Sea (Roquebrune Bay) the volume of sooplankton varies between 18.3 (in 
February) and 361.7 (in May;. It has been found in the same area that the sooplankton biomass 
decreases considerably from the surface into the deeper waters. There is, however, s possibility 
that higher concentrations occur in certain deep layers since scattering layers have been recorded 
in some oases* 

A spring peak (March-May) of sooplankton abundance has been observed in various sections of 
the Mediterranean; volumes up to 830 om3/1,000 nP were recorded (Qilat ej. al. 19&!))* 

In the Black Sea, the sooplankton density is relatively high. Bogdanov (personal communica- 
tion) gives 110,000 tons dry weight of sooplankton for the whole area. 

3*3 Benthos 

In general, the standing crop of benthos in the Mediterranean Sea ia low. Some data on its 
distribution has been given by Vatova (1949), Hres (1961), Oilat (1964) end Soaccini (19*7)* 
Kiselava and Chukhchin (1965) give values for benthos recorded in eome parts of the Mediterranean 
and the Black Sea; these ranged from 50-300 g/m 2 in the Black Sea off the southern coast of the 
Crimea, to 0.3-19 g/2 in the eastern Mediterranean, 1.3-5 g/ in the Aegean, and 5-8 g/iir in the 
Adriatic. In the Black Sea benthos round the coasts is abundant, but very poor in the oxygen- 
deficient deep water. 

4. FISH STOCKS AND FISHERIES 
4*1 The fish 

The Mediterranean Sea is far poorer in stocks than most of the Atlantic Ocean and the Black 
Sea. In general, the catches, both demersal and pelagic, are abundant in species, but of comparati- 
vely low quantities. 

The fish fauna is basically closely related to the fauna of the sub-tropical Atlantic. The 
northern part of the Mediterranean Sea includes some speciee like Clupea sprattus and Keohropi 
norveflious which do not occur in the southeastern part of the Mediterranean. There are about 
25 Red Sea species which occur in the eastern Mediterranean but normally do not sppear west of 
Crete. There are also some differences in the availability of commercial apecies between the 
northwest and southeast regions. Pilchard, anchovy, bonito and mackerel (Scomber scombrus)* 
which are of great commercial importance, occur in the northweat part, while in the southeast 
they are replaced by Sardinella* Suthvnnua. Atais and Spanish mackerel (Scomber Japonic^a). 
Hake and red mullets are of great commercial importance for the trawl fishery in both parts of 
the Mediterranean; however, in the northwest part and especially in deeper water, Micromesistius 
poutassou and Qadus ospelanus. appear in large quantities. On the other hand, along the coast 
of UAR, Israel and Anatolia, some of the Red Sea fishes appear in commercial quantities, e.g. 
Saurida undosquamis. Upeneua moluocensis and Sphvraena ohryaotaenia (Ben-Tuvia 1966). 
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4*2 The fisheries* genera, 1 

Largo industrial scale fisheries are mainly confined to the Black Sea. Elsewhere the general 
lack of large con cent ration* of fiah ha a prevent ad th development of large-eealo operations. How- 
ever, the high prioa of fraah fiah in moat Mediterranean oountriea has favoured the development 
of a large number of amall-aoale fisheries. Though tha boats concerned are small, and often not 
highly efficient, thair numbera appaar to have oftan baan auffioiant to fully utilise, or over- 
exploit, the looal stocks, aapaoially of dameraal fiah. Thia tendency to over-exploitation is 
strengthened by the use of very small maah aise in tha trawls to retain the amalleat individuals 
among the great variety of apeciee, and also by tha not infrequent use of such destructive methods 
as dynamiting. The fiahariaa on tha major dameraal and pelagic apeoiaa are diacuaaed in detail 
below. The cruataoaan and molluaoan fiahariaa, which are alao important, are discussed in the 
relevant chaptere. 

4*3 Statistics 

Becauae of the small-aoale and scattered nature of the fisheries, the statistics are generally 
poor. Often atatiatical returns are uaed for tax purposes and may under-estimate the total catch. 
Data on apeoies composition, whan given, are probably more reliable, but the catch atatiatios of 
moat countries contain a large proportion of unaorted and unspecified fiah. 

Effort atatiatica, except in the forma of number of vessels, are generally lacking. 

The statistical data for the Mediterranean, and probably also to a lasser extent for the 
Black Sea, are therefore uneatiafactory. However, it may be that, given the nature of the fisheries 
and the magnitude of the potential resource, the considerable effort required to bring the statis- 
tics for the Mediterranean as a whole up to the level, say of the Northeast Atlantic, would not be 
worthwhile. 

4.4 Pelagic fiaheriea 

About half the Mediterranean and Black Sea catches are of pelagic apeciea. The sardine (S. pil- 
chardus ) constitutes the main catches in the western and north-eastern parts of the Mediterranean. 
Occasionally it also appears in amall numbera in the south-eastern part of the Mediterranean. It 
is rare in the Black Sea and small commercial catches (10 to 30 tons/year) are reported from 
the coast of Caucasus. The total yearly catch from the Mediterranean amounts to at least 76,000 
tons. Sardinella aurita and S^ maderensis occur in commercial quantities in the southern and 
south-eastern regions of the Mediterranean. The largest catches are taken from the coast of 
UAR which amount to about 20,000 tone /year. Smaller quantities are taken in the Balearic 
lalands, Tunisia, Algeria, Sicily, Israel, Lebanon, Syria and southern Greece (Aegean Islands). 
The total annual catch probably does not exceed 40,000 tons. 

The sprat (Clupea. aprattuai is taken in some quantitiea in the moat northern parta of the 
Mediterranean such as the northern Adriatic. It alao occura in commercial quantities in the 
Black Sea and its annual catch amounts to at least about 10,000 tons (Svetovidov 1964)* 

Clupeonella del ioa tula occure only in the Black Sea and the Acov Sea* It is an euryhaline 
fish which withstands low aalinitiea. 

Anchovy (Bn*raulie enorasioolus) is important in most of the regions of the Mediterranean 
and the Black Sea. Catches from the Black Sea are estimated to amount to at least 139.000 tons. 

The bluefin tuna (Thunnus thvnnus) is caught by a variety of geara. On its migratory routes 
which include some immigrations from the Atlantic, large traps (madragues) are important. The use 
of purse-seines is increasing, and hooka and lines and harpoons are alao used. 

Among the other soombroids,bonito, Sarda sajfla.,is of the greateat economic importance. It is 
caught by seines, madragues and hook and line. Auxie and Buthynnus are caught in some numbers, 
mostly in the warmer regions of the Mediterranean. The mackerela (Scomber scomber end 8. .laponious) 
are caught by purse seiners, with or without the use of artificial lights. Swordfish (ZliMif 
gladius) is caught in some numbers, particularly in the Sea of Marmara. 

Among carangida and related species, several species of horse mackerel (Traohurus) are of 
commercial importance. They are caught in varioua quantitiea by pelagic or demersal gear in 
practically all the countries of the region. The total catch in the Mediterranean is estimated to 
be 15,000 tons. The total catch of the Black Sea may reach 20,000 tons. 
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Other apaoiaa axploitad in various degreee rju IttSJftit JA eni * f lftuc f * & >lxandrinua. 
Bariola dumarili which reaches a aiaa of 1.5 n ia common in tha Mediterranean. An attempt haa baan 
made to cultivate thia fiah in aalina or braokiah lagoona. 

Tha dolphin fiah (Conrphmana hlppurua) ia of acme importance, aepecially in Malta and tha 
Balaario Islands. 



Six apaoiaa of fray mullete ooour in tha Maditarranaan and tha Black Sea. Among than* 

and ram^df * * oonaidarabla aoononio importance mainly in tha aatuary fiahariaa and 
ara caught with apaoial faar adaptad to thair habit of Jumping ovar tha haadlina of tha net. In 
aoma araaa, for inatanoa in Tuniaia, Italy and Crimea, thay ara oultivatad in oloaad lagoona and 
lakes. 

Shark a ara of minor importance* Tha large apaoiaa Carchariaa glauoua. faapna ccrunubfroy* 
Qgyrhinhua glauoua and Caroharodon carohariua ara caught oooaaionally by hook and linaa f and in tha 
adraguaa. Tha aaall danaraal Muatajuf and loan thia a ara caught neatly by trawl. 

4.5 Baaaraal fiahariaa 

Thaaa ara mainly oarriad out by amall trawl ara, but linaa and trapa ara locally important, 
aapacially whan tha bottom ia rough and unauitabla for trawling* A larga nunbar of apaoiaa ara 
takan. Trawl oatohaa inoluda a quantity of palagic apaoiaa, ag macktrala, aa wall aa oruataoaana 
and oaphalopoda* 

Among tha damaraal fiah, haka (Marluooiua marluociua) ia ona of tha mora important in all 
tha oountriaa bordaring tha Naditarranaan Saa. It ia uaually caught in daapar watara but aaaaonal- 
ly, particularly in wintar, oooura alao in ahallow ooaatal watara. 

In tha waatarn and northarn parta of tha Naditarranaan , Mioromaaiatiua poutaaaou and Oadua 

Leva 



ara oaught by trawl. Thaaa fiah do not ooour in tha Levant. Fhyoia blannioidaa appaara 
alao in daapar watara and it aaama that in aoma ragiona ia undar-axploitad. Many aparida, triglida, 
aoorpaanida and mullida appaar ragularly in tha trawl oatohaa. 

4*6 Stock aaaaaamantt Maditarranaan 

raw quantitative atudiaa hava baan mada of tha atata of tha atooka, and of tha affaot of 

fiahary on thorn* Tha baat atudiad araaa ara off Spain, in tha northarn Adriatic. 

Soma trawling grounds aaam to ba grcaaly ovar-axploitad. It waa found by Larranata and Suau 
(1969) that tha of fort appliad in Caatalldn, aaatarn Spain, waa 3 to 4 timaa highar than tha 
calculated optimum. *y draatio reduction of tha affort and increase of maah aiaa, ca tehee four 
timaa highar ara expected, and aimilar aituationa might alao exiat in aoma haavily exploited 
trawling grounda around Italy and Greece, 

Similarly in tha Adriatic Zupanovio (1968) haa shown a severe affaot of fiah ing on tha atooks 
of haka, and amphaaiaed tha need to regulate tha damaraal fiahariaa in tha area (Zupanovio 1964). 
However, ha ahowad that these were looal differences in fishing intensity, which were reflected in 
diffaranoaa in aiaa compoaition. There may, therefore, ba looal stocks which ara atill under- 
exploited, and in better distribution of fishing would giva an increase in total yield. Tha affaota 
of heavy fiahing in tha Adriatic hava baan ahown for aola by Piooinatti (1967). In tha north* 
waatarn part tha oatoh par unit affort fall by half between 1962 and 1965 t tha aama time aa tha 
affort inoraaaad rapidly. 

Tha degree of exploitation in other araaa may ba gauged from tha data in Table 02. Thia 

givea tha total oatoh by aaoh country, tha damaraal oatoh (estimated aa tha main damaraal grcupa 
plua two-thirda of tha unacrtad and unapaeifiad fiah), tha extant of tha ahalf area off aaoh 
country, and tha aatimated oatoh par unit area. 
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Tablo C2 - The area of the continental ehelf in the Mediterranean^/ related to the arine catch of 
oh country. Catohaa repreaent ararafoa for 1963-5 



Country 


k.* 


Catoh 
Total 


POOP faO 
Xtoaoraal 


Tiold 


ftonaAcaft 


Total 


Deaeraal 


Albania 


5,450 


3 


Unknown 


0.6 


? 


, Algeria 


10,700 


19 


3 


1.8 


0.3 


Cyprua 


2,500 


f 


Unknown 


0.4 


? 


Trance 


20,450 


21 


5 


1.0 


0.3 


Oraooo 


57,000 


87 


36 


1.5 


0.6 


Zaraal 


3,250 


4 


1 


1.2 


0.3 


Italy 


120,740 


252 


75 


2.1 


0.6 


Lebanon 


1,450 


2 


1 


1.4 


0.7 


Li by* 


55,000 


2 


Unknown 


0.04 


7 


Malta 


5,460 


1 


1 


0.2 


0.2 


Morocco 


4,480 


6 


Unknown 


1.3 


? 


Spain 


44,100 


116 


37 


2.6 


0.8 


Syria 


1,160 


1 


unknown 


0.9 


? 


Tuniiia 


77,300 


23 


6 


0.3 


0.1 


Turkoy (Maditorraaoaa ooaat) 


26,100 


10 


Unknown 


0.4 


? 


Yugoslavia 


43,500 


24 


4 


0.6 


0.1 


UAH (Bgypt) 


29,200 


30 


7 


1.0 


0.2 


TOTAL 


511,140 


591 


175+ 


1.2 





Kotee - Down to 100 fn (180 m). Calculation* baaad on the Britiah Admiralty Charts, 
noan Boa - Waatern Shoot 2158 A and la tern Shoot 2156 B 

Loaa than 1,000 tona 



Moditarra- 



s 

With theae roaarvationa, there ia a fair degree of ooneietenoy in the reel yielde par unit 
rea - around 1-1.5 tona/ta 2 (10*15 kf/ha) of all fiah, and aoe $ k/aa for demereal fieh. The 
only area where the yield eeeae vary low ia off Libya. lo good data are available on too rteourcea 
of the area, but if thojr were the eame aa other area a, additional ca tehee of ^O-7$,000 tona (oa 

25,000 daawraal apooioa) appear likely. 

Moderate expanaion alao aoana likely along other parta of the north African ooaat. Thua, 
Rafail ejt al. (1969) ahow that there are unexploited atooka off weetem 9cypt| the JAO/USSR etu 
tour on R.V; AKADWIK XVZPOVXCH (Anon. 1969) aurvoyod aono of tho reeouroee off eaetern Tuniaia. 
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In tha raat of tha Mediterranean, by analogy with tha faw well-etudied araaa, it ia 
likaly that tha demeraal atooka ara in general fully exploited. Some amall increase, parhapa 
10-30)1, could ba achieved by a mors rational pattern of fiahing. Thia would involva both laaa 
fiahing, and protaotion of tha email er fiah, in many araaa, and inoraaaad fiahing on certain 
looal atooka atill under-exploited. Thia would giva inoraaaaa of 20-50,000 tona. 

At present, demersal fiahing ia limited mainly to tha uppar part of tha shelf, mostly in laaa 
than 100-200 dap tha. Recently more intaraat haa baan paid to tha poaaibilitiaa of greater 
xploitation of tha uppar part of tha continental alopa, i.a. down to oa 500 Praaant knowladga 
haa baan summarised in a report by a working group of tha General fiahariaa Council of tha Mediter- 
ranean (&CM 19^9)* Summary data ara alao givan for tha aaatarn Maditarranaan by Ben-Tsmi (1969). 

Thia ahowa that oatohaa of commercial apaoiaa oan ba made in depths down at laaat 500 m. A 
variety of geara have baan tested - linaa and trapa aa wall aa trawls, ainoa tha vary rough 
ground makea trawling vary difficult in some araaa. Fiahing with high-opening trawla in tha 
uppar part of the alopa haa given good oatohaa of palagio apaoiaa (a.g. mackerel), where tha stan- 
dard trawl, catching only truly demersal species, took vary little. 

In some araaa, daap watar fishing haa already atartad on a commercial scale; in othara tha 
oatohaa ara vary amall, a.g. 5 kg/hour off north-eastern Spain, ao that tha immediate poaaibilitiaa 
of commercial exploitations ara alight. Altogathar, it aeema that opportunitiea exiat for increasing 
oatohaa by fishing tha daapar watar, but that tha inoraaaaa in total oatoh ara unlikely to ba vary 
great, parhapa a further 10-20. 

Tha dagraa of exploitation of tha palagio resources ia laaa wall-known. Tha bluefin tuna 
appeara to ba heavily axploitad, though praoiaa assessment ia difficult owing to tha scattered 
nature of tha fiahariaa, and uncertainty concerning tha relationships between diffarant groups of 
fiah (FAO 1968). Moat Maditarranaan oatohaa ara of larga mature fiah, and therefore vulnerable to 
tha development of fiahariaa in tha youngest atagaa. Ho graat expansion of oatoh aeema likaly. 

Catchea of other palagio apaoiaa could probably ba inoraaaad by further developing tha present 
fiahariaa for aardinalla, small scombroxds, carangids and nugilida, particularly along tha ooaat 
of forth Afrioa, Anatolia and aaatarn Adriatio. Protaotion of young aardinaa in heavily axploitad 
araaa might prove beneficial (Urranata and Suau 1966). Thia could ba dona by implementation of 
lawa on tha minimum sise limits, ty aaah'.aUa regulations and other protective meaauraa, but ad- 
ditional atudias ara naadad. There ia a naad for battar evaluation of tha available raeouroea. At 
this ataga of our knowladga of tha re e euros e, it ia difficult to ba praoiaa in evaluating tha poten- 
tial oatoh. It night ba 20-50* higher than tha present oatoh, but it aeema unlikely that tha 
reaources could aupport tha larga industrial oatohaa of tha aoala of thoaa in more productive araaa. 

4*7 Stock assaasmenti Black Saa 



/<* f thi * tinUl11 of th * 8 ~f including tha Saa of Aaov, ia givan ly Moiseev 
U969J; this study alao comparas tha production and conaumpticn of phjtoplankton. aooplankton. 
benthoa and fish. Ba estimated tha production of fiah as 1.0 million tons (O r 8 millioxx in tha 
Baa of Atoy), and tha oatoh of 0.38 million tons (0.3 million from tha Saa of Aw). The oatohaa 
givan for tha Black Saa (excluding tha Saa of Asov) - 69-110.000 tona in 1960-5 - aeam low. (aaa 
Appendix Table C1) V since tha Turkish oatoh abova (60-8$ of which comes froTtha Bllck K) 
approaches this level. ' 

^ J^?* 1 "* ^J J ht Bllpk "^ "^ 8w of A w o^* yil ionawhat higher oatohaa, up to parhapa 
5<# of tha estimated production, or slightly more, i, a. 0.5-0.6 million tona. Then ia indication that 
fiahariaa for anchovy, ,pratt and horaa mackerel ooula ba intensified, aome of tha coastal awaa t 
if more fully exploited by trawl, could yield increased oatohaa of whiting, spiny dogfish and 
SQuida* 

9. nacoMioir an SUJUUHI 

With th necptira of ttt 8 pf ABOV, which on b ooaidrd vt shallow fish pond with 
fi.h MtohM of .round 6 ton./k-Z, th. r.,io n i. olr,ct.ri.d ^ low production . .11 &.. 
3o. incr*... IB prnt o.toh.i ia P o..ibl., with b.tt.r MMgMwt of th* proMntly ovos^uploitod 
took*, Md exploitation of SOM of th. d..p w.t.r .nd oth.r r..ottrc..t>r which c.tch MM w t 
proton* roaoh . co-.roi.lly .ttr.otiT. lovol, thi. incr.... ^ C ht b. .. .uch .. 50*. i.,. . total 
c.tch fro. th. ModitarnnoM ud Bl.ok 800 of around 1.5 .ilUoB ton.. W| W 
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$1 Future etudiee 

The oatimatea obtained here art in moat oaaea rough, though probably aa good aa oould ba 
obtainad with tha preeently availabla data. Much oould ba dona to improve tha aatimataa, but tha 

following appaar to ba tha more important: 

(a) Battar atatiatioa. Praaant atatiatioa aeom inadequate in many waya; total oatoh ia 
probably not vary aoourata for many inahora fiahariaai apaoiaa identification ia oftan 
poor; and affort data ia ganarally lacking. Work towarda improved atatiatioa ia being 
undertaken by a working party of tha General Fieheriee Council for tha Mediterranean. 

(b) Aeeeeemente of exploited atooka. Tha aaaaaamenta already made of a very limited number 
of atooka ahould ba extended to other atooka f and eapaoially to the atudy of the multi- 
apaoiea fiaheriea in which email apeciee, and large numbera of email individuala of 
larger apaoiea are taken together. 

(o) Quantitative aurveya of lightly exploited atooka. Theae probably include damaraal 
fiah off parta of North Africa, and aeveral pelagic atooka. Kathode oould include 
trawling and aoouatio methoda. 
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IVTROXXTOTIOI 

The lorthveat J*oifio ae defined here la broadly delineated aa north of the Weatern Central 
Ifcolflo exoiudingthc Bering Sea. The review for the Weatem Central Pacific definea ita northern 
boundary from 35 f to 145 and thenoe at 40K to 180. However , aa it doea not include all living 
reaouroea around aouthem Japan, theae will be oonaidered here aa far aa relevant. 

The fiahing ground* for saury and skipjack extend eaatward over 145B long, and the off- 
ahore ealmon fiaheriea alao operate aoroaa the Aleutian Chain in the weatem Bering Sea, Theae 
reaouroea, and the whale atooka in the Horth Paoifio are preeently difficult to diaouaa regionally, 
and will be reviewed here generally. Ho attempt will be made to review the fur aeal reaouroea for 
whioh commercial aealing at aea ia prohibited, aa ia the exploitation of other marine animals, 
under the lorth Pacific Fur Seal Treaty. 

The lorthweat Paoifio it, or rather inoludea, one of the moat intenaively exploited fishery 
regiona of the world, comparable, on the one hand, with the North Sea, and to the Vorthweat Atlan- 
tic on the other* One of the featurea ia a great variety of fishery reaouroea for commercial uae, 
and the other ia a predominance of pelagic reaouroea over bottom living animals, excluding molluaoa 
and algae in the littoral Bone. Theae featurea evidently reflect the natural, presently uncontroll- 
able , conditions - topographical, hydrographioal and biological - in the Northwest Pacific* but of 
equal importance in determining such a characteristic course of fishery exploitation, along the 
ooaata concerned, haa been the demand. 

1. BOTTOM TOPOGRAPHY 

Two area of the ialanda, the Kuril and the Japaneae, and two peninsulas, Kamchatka and Korea, 
out off two baaina from the Vorthweat Paoifio Ocean - the Seaa of Japan and of Okhotsk. The Sea 
of Japan ia separated from the adjacent aeaa by shallow straits (not deeper than 130 m), while the 
atraita connecting the Sea of Okhotsk with the Pacific are deep, though they fall short of the 
greateat deptha of the aea. 

The Sea of Japan haa a email ahelf and the abyaaal aone ia rather predominant in ita bottom 
topography. The area ia about 978,000 km 2 and the average depth about 1,750 m. Ita greateat 
depths (about 4,000 m) are found in the northern abyaaal gone. The shelf ia very narrow except 
for Peter the Great Bay, the northern part of Tartary Strait, northweat off ahore of Hokkaido and 
in the vicinity of Korea Strait. It occupies only 20j6 of the total area, and the bathyal and the 
abyaaal aonea about 40J& reapectively. In the southeastern part of the sea lies a large submarine 
range, with acme of ita elevationa rising to within 300 to 400 m of aea level. Moreover, here and 
there in the trench acme summits riae to a height of 1,500 to 2,000 m from the aea floor. 

The Sea of Okhotsk, on the other hand, haa a fairly limited abyssal aone in the south and ita 
bathyal aone ia greatly developed. The area ia about 1*59 million and the depth ia about 860 m 
on the average with a maximum of about 3,660 m. The deep trench in the aouth stretches in a lati- 
tudinal direction, aouth of 48'!, demarcated from the north by the 3 1 000 m isobath. The central 
part of the aea ia 1,000 to 1,500 m deep forming acme terraced elevationa. The 1,000 m iaobath 
cute aoroaa the central hollow of the sea from the southeast corner, and the northern ledge at a 
depth of about 200 m borders the northern shallows (the ahelf proper) on ita southern aide. The 
shelf tone extends along the coasts of Sakhalin, Okhotsk Diatriot and West Kamchatka. 

Outaide the Kuril Ialanda liea one of the deepeat trenches in the world - the Kuril-Kamchatka 
Trench, running to the aouthweat along the Ialanda from offshore of Southeaet Kamchatka. Turning 
to the aouth along the northern coast of Japan, the Trench, now called Japan Trench, extends on 
into the tropical region towards Mariana Trench. These trenches, with their maximum deptha of 
about 1 0p 000 a, are very narrow and to the east liea a vast oceanic plateau about 5,000 deep. 
To the weat of aouthem Japan Trench runs southward a submarine range, South Honshu Ridge, with 
many volcanic ranita above water* Farther weetwarda, and aouth of Xyuahu, extenda another 
submarine range due southward, and between theae ranges liea a basin of about 4,000 m in depth, 
open southward to the Philippine Basin. The ahelf and the bathyal aonea are both quite narrow 
ait and aouth of theae two area of the ialanda. 
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Table 2)1 - The areas of the shelf by region 



Region 



Area ('000 km 2 ) 



Sea of Okhotsk 

Sea of Japan 

4"*ttfl Weet Sakhalin and At tan Mainland 
Along the Japanese Islands 

Horthwest Pacific 
Southeast Kamchatka 
Southern Kurils 
northern Japan 
Southern Japan 

West Coast of Xyusku* 



580 (610)** 

196 (202)** 

93 (99)* 
103 



134 



49 



29 
24 
53 
28 



TOTAL 



959 (995)** 



Hotes - *Sast of 128 I and southward from the middle of Korea Strait 
Estimates by Dryugin (tfoiseov 1953) 

2. HTDROOHAPHT 

As in the northwest Atlantic, oold water masses from the north meet here with wax* water 
masses from the south* Their convergence affects not only the climate of the ooastal regions but 
also the whole biologioal environment. Generally, it creates favourable conditions for existence 
of ajoantatively very rich flora and fauna, and sonet of sharp heterogeneity where Arotio boreals 
and sub-tropicals meet. The bottom topographies described above give some further peculiarities to 
the Seas of Japan and Okhotsk. The waters , especially the surface 200 m layers, in the surroundings 
of the Japanese Islands are well covered by many hydrographioal observations. 

The Kuroshio Current, one of the well-defined sectors of the oceanic circulation in the 
Pacific, flows eastward just south of southern Japan and, Grossing over the South Honshu Ridge, 
extends nearly due east meandering towards the West Wind Drift in the Horth Pacific. South of 
southern Japan it runs with maximum velocities up to 16O-180 on/sec but only within a distance of 
140 km from the coast. Out of the limit, at greater distances, a counter-current flows to the 
southwest, where maximum velocities up to 20 cm/sec are encountered* The volume traneport of the 
Kuroshio above 1 ,500 has been estimated about 65 million , sP/eco south of southern Japan 
(Sverdrup ji al. 1942). Recently it has been observed that west of the South Honshu Ridge there 
sometimes develops a large scale of eddy, accompanying some upwelling, between the coast and the 
luroshio, which greatly changes the flow pattern of the Kuroshio there (uda 1949, Ichiye 1955, 
Moriyaehu 1955, Shoji 1957, Watanabe 1957, Vukuoka 1958, I960). The temperatures of the Kuroshio 
are comparable to those of the Qulf Stream in the Horth Atlantic (25&-27*C at the surface layer 
in summer), but the salinities are much lower and at maximum slightly less than 35*00 9 /cc (about 
36.50YOO for the Oulf Stream). The vertical gradient of temperature is rather indistinct during 
January to May and the transparency decreases due to a thick concentration of diatoms in the upper 
layer. During June to Hovembcr, on the other hand, a density stratification develops with a 
remarkable discontinuity of temperature and ohlorinity around 100 m depth. The transparency then 
increases (up to about 30 ) and a fraction of incidental light may reach a 100 m depth, possibly 
supplying enough energy for diatom growth there (Marumo 1957)* Heedless to say, the Kuroshio 
Current is never in a steady state (lohiye '1955) The vol\e transports calculated for the cross 
section south of southern Japan indicate that it varies over a two-fold range within a year. Varl- 
able as it is, it appears to increase twice a year, in spring and in autumn (liasusawa 1958). 

The Kuroshio Bztension, over the South Honshu Ridge, becomes rapidly mixed with the oold water 
of the Qyashio that flows south close to the northeastern coasts of Japan, sinking down under the 
Kuroshio. Along the boundary numerous eddies develop, where a thorough mixing takes place 
(Hikcsaka and Watanabe 1957)* Through these processes of horizontal mixing, coupled with cooling 
in winter and precipitation over evaporation, a water mass, called the Subarctic Water, is formed 
and prevails in the Horth Pacific. Recent studies have confirmed that, in addition to the counter- 
clockwise gyres in the Bering Sea and in the Sea of Okhotsk, there exists another gyre of Subarctic 
Water south of Southeast Kamchatka and the western Aleutian Islands (Hirano 1957, 1958, 1961, 
Dodlmead t aj,. 1963)* Along these gyres, the cold water masses, further cooled in the Bering Sea 
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or in the Sea of Okhotsk, outflow southward along the east coast of Kamchatka or through the 
central or southern Knrils towards off short of north Japan as the Qyashio. The volume transport 
above 1 f 500 m for the cross section off tht northern Xurils has boon estimated as about 1J million 
.y*o, one-third of which coots from the Okhotsk Sea and another one-third from tht Boring Sea 
(Sugiura 1958). One of the permanent features of the Qyashio is a halooline found in the depth 
interval about 100 to 200 m. la the upper sons a narked thermooline develops during summer and 
vertical mixing prooeeds deeper from the surface during the cooling season* Such a seasonal 
process, however, generally stops at the depths of the permanent halooline (Dodimead et al. 1963). 
Another feature of the Qyashio is a temperature minimum, accompanied by the halooline and origi- 
nated from the areas of sea ioe formation, primarily from the Sea of Okhotsk (Kajiura 1949, 
Uda 1963). The temperature of this layer in the Sea of Okhotsk is between -1.8*0 and 1.0* C, but it 
becomes warmer southward because of mixing along its path. Beoauee of precipitation over evapora- 
tion (generally found north of 45** in the Vorth Pacific), the salinities in the upper layer are 
around 3300/oo. The transparency in the Qyashio (about 13-19 m in summer) is much less than in 
the Kuroshio. 

A branch of the JCuroshio flows into the Sea of Japan through Korea Strait and carries water 
of high temperature and high salinity to the north mainly along the ooast of Japan. Because of 
shallowness of the straits, however, all the deep waters are isolated from the trenches of the 
Pacific Ocean and other adjacent seas. The surface currents have a cyclonic, counter-clockwise 
character, and there appears to exist a hydrographioal oontrast between the waters along the ooast 
of Japan and those along the ooasts of Primer's and Korea Peninsula. Generally true as it is, a 
comparison with the Northwest Pacific indicates homogeneity rather than oontrast as one of the 
features (Fukuoka 1962). The surface salinities in the northern Sea of Japan are about 3360*/oe, 
a little higher than in the Qpashio, while those of Tsushima Current flowing into the Sea of Japan 
are fairly lowsr than in the Kuroshio Main. That is, the difference is not so sharp between 
the waters in the north and south as in the Horthwest Pacific. Almost the same is observed on 
temperature and dissolved oxygen. The vertical distribution of density in summer in the northern 
Sea of Japan is similar to that in the Oyashio, but they clearly differ from each other in winter f 
the density in the Sea of Japan is vertically almost homogeneous, while more or less stable 
density stratification is maintained throughout the year in the Qrashio and in the Sea of Okhotsk. 
The temperature of the northwestern part of the sea falls sharply in winter and the Tartary Strait 
is oovsrsd with ios from November to April. As a result os sinking of ooolsd surface waters along 
the slopes, the deep waters are well aerated and characterized by their lower temperatures and by 
the absence of oxygen deficiency (Zenkevioh 1963). Recent analysis indicates the ascending motion 
may *PP**r in the central part of the sea (Fukuoka 1965). In the southeastern part as well, inten- 
sive vertical mixing "in winter is also observed (Koshimsu 1958)* Another feature is found in the 
seasonal variation of Tsushima Current. The volume transport calculated for the cross section, 
east of Korea Strait shows a maximum of 2.2 million mV*" in September and a minimum of 0.23 million 
mV**o in Karon. That only one maximum is observed in a year is confirmed for the otner sections 
in the Sea of Japan, noteworthy in oontrast with possibly two maxima in the Kuroshio (Miyasaki 1952* 
Hata 1962). 

In the Sea of Okhotsk the climate is more severe than in the Sea of Japan and the sea is 
almost entirely covered with floating ioe in winter. Kven early May the northern half of the ssa 
(excluding narrow shore belts) is still under floating ice* Vertical mixing does occur in winter, 
but the permanent haline structure, prevailing in the Horth Pacific, confines it within the upper 
50-100 m layer and the cold intermediate layer develops throughout the year. The) surface currents, 
generally weak, appear to depend on winds, but analysis of the cold intermediate layer discloses a 
general counter-clockwise circulation. As previously suggested, oceanic waters penetrate freely 
into the sea through the deep straits in the northern Kuril s so much as balancing the outflows 
towards the Oyashio (Kajiura 1949, Sugiura 1958). 

3. PLABKTOeT 

many plankton studies have been reported, but most of them seem to be limited in scops to 
particular localities and/or particular species, and to be more or less qualitative in nature. 
Ths gsniril features of their distribution in the Horthwest Pacific have bson well summarised in 
some'of em (SSomura 1957, Bcgorcv 1958, Motoda and Marumo 1963, ZsnkeTiOi 1963, Ohwadm and 
Onwa 1966. Harumo 1967). In the last ten years measurements pf ohlorophyl contents and of , 
iSry Soduot^ty >y iadioactiv. carbon tracer have been much advanced, although still fto 
f*om satisfactory there is coverage of the region oonosrnsd. 

3.1 PhytoplanJetfln and priifl^yv production. 

, in th. CfrMhio rgioa, along *h Kuril Idaate nd o.hor to th wit of 
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northern Japan, the phytoplankton populations are composed of boreal diatom, while in the 
Euroshio region of typically warn water species* In the nixing sons between then, the population 
ia represented by some oosmoplitan species auoh as continuously distributed eastward aorose the 
ocean. The phytoplankton between the southern ooasts of Japan and the Kuroshio is strongly 
neritio in nature* It is interesting to note that along the convergence of the Euroshio and the 
Qyashio some neritio diatoms are predominantly distributed offshore even as far as 155*E. 

Two ooean weather stations provide valuable information on the seasonal cycle of the phyto- 
plankton in the high sea region (Eitou and Asaoka 1956). At the point X 39% 153*5), alternately 
under the influence of the Qyashio or the Euroshio water according to season, a bimodal cycle of 
production is observed with peaks in spring and autumn. At the point T(29H, 135*) la the area 
of the Kuroahio water, the phytoplankton develops in late winter through spring* Their seasonal 
cycle* along the ooaats are greatly variable with localities* In the Euroehio water south of 
Japan, the greatest crop of diatoms is found in the upper 25 n layer during January through Hay* 
Their higher concentration during June to November, on the other hand, is separated into two 
layers, that is in the upper 10 m and about 100 m depths, probably because of stable stratifica- 
tion. 

A recent cooperative survey (1962-3) has found the standing crop of phytoplankton along the 
ooasts of Japan to be in the order of 1CP to 1CP oells/1, much higher than the 1CP to 10* cells/1 
observed in the comparable surrey in 1930-3, although no explanation can be found as yet. In the 
Ograshlo region it is generally as high as 10* to 10* oells/1, while in the main flow of the 
Euroshio it is usually about 10 2 to 103 oells/1, and to the south extends a vast region where the 
crop is less than 10* oells/1. In the neritio waters along the west and south ooasts of Japan and 
also in the Mixing region east offshore it is usually in the order of 103 to 10* oells/1. 

The same appears generally true in the Sea of Japan* The standing crop in the northern part 
of the sea reaches 10 5 to 1CP oells/1, comparable to the crop In the Ggrashio region (Zenkevioh 1963)* 
Beoent observations, however, indicate homogeneity rather than contrast, as also applies to the 
hydrography. In the central Sea of Japan the standing crop In winter (January to March) is 
observed to be about 10* oells/1, decreasing northward and to the southeast, while In summer (July 
to September) it is loss than $0 cells/1, increasing towards the ooasts, especially to the north- 
eastern part of the sea (Ofawada and Ogawa 1966, Eawarada jit al. 1966). Some Arctic and Arotio- 
boreal species are predominant in northern Sea of Okhotsk during tho spring-summer bloom and only 
a single bloom per year is recorded owing to the severe ollmatio conditions* The orop, however, 
may reach 20 ag/m3 with 7 x 1CP oells/1 (Znk*vi oh 1963). In the southern Soa of Okhotsk the orop 
is observed to be less than 10* oells/1, exoept for the ooastal waters near la Peronse Strait 
(Eawarada et al. 1966)* 

In chlorophyll content also there exists a clear difference between the Euroshio and Qyashio 
regions. Slightly varying calculation! have been made by authors but the following averages can 
be givens surface chlorophyll contents in summer averages 0*5 - 0*7 mg/m^ for the Qrashio, 
0.1 - 0*3 mg/BH for the Euroshio, and 0*3 - 0*5 mg/m3 for the mixing tone. It is higher towards 
the south ooast of Japan, but this tendency is not so marked off northern Japan ( Sal jo and Ichlmura 
1960, Aruga and Monsi 1962, lohiaura 196$)* In the Euroshio chlorophyll is rather evenly distri- 
buted in the upper layer of the euphotio sone, followed by a slight increase with increasing depth. 
In the Qyashio and In the Littoral region of the Euroshio, tho maximum chlorophyll content occurs 
not at the surface layer but at the depth where the light intensity reduces to about 10jt or loss 
of the surface intensity. Maximum dally productivity on a clear day is found at about 20 m depth 
In the Euroahio and at about 5 B depth in the Qyashio* The gross production for the entire euphotio 
sons per m 2 sea surface is estimated as 0*36 gC/day In the Euroahio, and 0*83 gO/day In tho Qjraehio 
on a clear day* On a slightly clouded day it reduces respectively to 80-86)6 or 46-50)1 of the value 
of a clear day (Aruga and Monsi 1962). Along the southeastern Kamchatka and sast offshore of 
Hokkaido the daily gross production Is observed to bo higher than 0*65 gC (Eoblena-IClsohke 1965, 
Eawanura 1963), out farther offshore In the Western Subarctic Qyre it is observed to reduce to 
about one-third of this (Eawamura 1963)* Upon analysis of oxygen and phosphate budgets under some 
hydrographioal assumptions, It is Independently estimated that tho average dally production is 
0*22 gC at the outskirts of the Oyre (Sugiura and Toahlmura 1964). 

In comparison with the I/P ratio of the phytoplankton cell (16), the I/P ratio of sea water 
in the Vorthwest Pacific under consideration, after filtration of plankton, is observed to the 
strikingly low, ranging from to 2.6 in the euphotio sone, especially in the Euroahio (0 - 1*9)* 
Very low as it is, phosphate is present in the euphotio sons with a sharp difference between the 
Euroehio (almost loss than 1 mg/m3) and the CQrashlo (6-69 ag/ 3 ), but nitrate and nitrite seem to 
be entirely exhausted, especially in the Euroshio. 
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In * a Ssa of Japan, bafors ths ^riM bloom, ths dally gross production is 2-6 mgC/m* during 
/^ift'V 100 ' 1 ' whi * lt * 5CM15 C / 2 *" th "^srif part of tht ssa. Ths highest production 
(5 rtrr/dir) M rtoordod saat of Hokkaido within tht sono of convergence of mm and oold water 
masses. South of 40*1 it hardly risss abort 100 to 150 mgC/m2/day (Sorokin and Koblsnts-tfishks 1958). 

3.2 

Tho distribution of boroal oopspods is limitsd to ths north of tho Kuroshio Irtsnsion. Trop- 
ical or sub-tropical ooptpods aro generally distributed in tho south of tho luroshio. Thoir distri- 
bution hardly changes by season, but ths northward distribution of war* wator apsoioa boyond tho 
luroshio is more frequently obssnrod in winter. In ths Kuroshio region oopepods aro most abundant 
at about 40 dopth in tho daytime. Tho majority of ths sooplankton ia obsorrod to bo present in 
ths 0-100 m dopth* Ths biomass (wot weight) in ths upper 100 m ia usually loss than $0 mg/3 on 
ths oceanic aids of ths luroshio, while more than 100 mg/m* on ths nsritio side. In ths Qyashio 
region it is generally small in winter and Isss than 50 mg/m3 except for biooasses larger than 
100 mt/m* occasionally observed southeast off Hokkaido* In suwsr, however, thsrs is a remarkable 
increase up to 250-500 mg/ 3 , especially sast of Hokkaido. In ths luroshio region, on ths other 
hand, thsrs is no distinct seasonal change in ths sooplankton biomass observed (Motoda and Marumo 
1963). Zsnksrioh (1963) has schematically shown a distribution of plankton biomass for ths cross- 
section orsr ths Kuril-Kamchatka Trenoh. from ths nsritio to ths oceanic sons it generally decrea- 
ses from 400 mg/3 to 30 mg/m-> with a slight increase to 500 mg/m3 towards ths sons of convergence 
of ths oold and warn watsr masses. Ths qualitative variety of plankton increases with depth, but 
its biomass decreases sharply to about one-tenth of ths surface biomass at ths dspth of 200-JOO m. 

It should bs noted here that, bsoauss of sampling techniques, fish larvae ars not always wsll 
represented in ths above estimates of biomass. Ths spawning grounds of some commercially important 
fish, such as jack maokarsl, common mackerel, yellowtail, common squid, and so on, ars looatsd 
southwsst of tyushu, and ths luroshio or Tsushima Currents usually play an important rols in trans- 
porting thsss rssouross along both ooasts of Japan (Hat tori 1964, 1965;* 

Ths northern part of ths Sea of Japan is occupied by oold watsr spsoiss while ths warm watsr 
spsoiss inhabit ths southsastsrn part of ths ssa. They ars much more dsvslopsd in ths opsn ssa, 
furnishing a biomass in sxosss of 1,000 mg/m3. In winter (December to February) their biomass in 
ths uppsr 200 m rsmains fairly wsll dsvslopsd in ths central part (30 to 500 mg/^). Zooplankton 
distribution in ths north has sens unusual winter f saturss. Ths highsst oonosntration may bs found 
in ths uppsr 25 m layer. Ths biomass rapidly decreases within ths 100 to 200 m laysr and than 
dsspsr down it becomes considerably richer (a little Isss than 200 mg/*3) before it decreases again* 
Many of ths plankton spsoiss sink down in ths Ssa of Japan to much greater depths than usual for 
thorn in ths Pacific. Qualitatively and quantitatively, however, ths dssp watsr fauna in ths Ssa 
of Japan is considerably impoverished and it is notsd that a largs number of plankton spsoiss 
found in ths uppsr laysr of ths adjacent ssas do not penetrate into ths ssa (fcenksvioh 1963). The 
biomass in summsr is about 100 mg/m^ in ths central Ssa of Japan, more or loss increasing towards 
ths northwsst, while decreasing to ths southsast to about 25 mg off ths wsst coast of Japan 
(tawarada si aj,. 1966,)* 



In ths north of ths Ssa of Okhotsk oold watsr organisms ars predominant in ths summsr 
plankton. Ths greatest biomass (1,000 to 3 9 000 mg/m 3 ) was onoe rsoordsd in ths northeastern part 
at dspths of more than 25 m at some distance (100 to 1 50m) from ths coast. Ths vertical distri- 
bution of Okhotsk plankton is greatly affected by ths prsssnos of ths oold intermediate laysr. 
Generally ths biomass decreases markedly at dspths of 40 to 50 m, increasing again below ths oold 
laysr at 100 to 150 m. Ths nunbsr of spsoiss in ths dsspsr laysr is much increased and SOBS of 
thorn do not penetrate at all into ths uppsr layers (Zenkevioh 1963). 

In ths south of ths Ssa of Okhotsk ths sooplankton biomass in summer rang ss from 86 to 
302 mg/m5 with an average of 180 mg/m^7 It is usually low in ths offshore watsrs, but ths second 
largest biomass on ths average is observed thsrs within ths regions under consideration (Kawarada 
JiH. 1966). 



Probably bsoauss of difficulties of quantitatively reliable sampling, studies on geographical 
distribution of benthos seem to have been dssoriptivs in naturs except for those re gar ding partic- 
ular bays or inlets and on oonnsroially important spsoiss (likawa 1934, lor ikoshi 1962, Z*"ioh 
1955t 1963)* In this respect ths Ssa of Okhotsk appsars to bs ths bsst survsyed in ths lorthwsst 
Pacific. 
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The coastal flora of the Sea of Okhotsk comprise* about 162 species of seaweeds* The Kuril 
Island flora is considerably richer , because of penetration of a series of ooeanio and mainly 
narm Hater forms. The tidal range is no more than 50 en on the southern coast of Sakhalin through 
the EurilSf while it attains more than 13 m in the Penshinskya Inlet* A rich littoral population 
is concentrated in those ooastal sectors, protected from the swell, in the inlets and bays of the 
northern coast. The bottom animals are classified according to their manner of feeding into suoh 
ecological groups as mobile and sessile sestonophages, mobile and sessile detritus- feeders, carni- 
vores and carrion-eaters (Savilov 1957) Their distribution in space discloses the ecolo- 
gical structure of the bottom-living fauna 'throughout the .sea* Horizontally it looks quite irre- 
gular as a result of complex bottom topography, variety of bottom soil, complicated system of 
water circulation and changes in temperature* A certain vertical conation, however, is observed 
in the distribution* Hook soils in the ooastal areas are commonly predominantly occupied by a 
fouling fauna* With increase in depth it is replaced by mobile sestonophage* Adjacent to it 
extends a wide zone with a predominance of detritus-collecting forms | Mollusoa are replaced by 
Ophiura, and finally in the lower horizons of the zone the Polyohaeta, as the most eurybiotio 
forms, acquire a dominant role* The group of bottom-feeders or sessile sestonophages of soft 
soils becomes intensely developed in the central deep water, on diatomaooous oozes rich in plant 
food* The densest benthos colonies, with a predominance of fouling fauna, are found off the north- 
ern and the eastern shores of the sea, where the total biomass is frequently of the order of 1 kg/m 2 . 
In the deep trench in the central part the benthos biomass is extremely small, as low as 10 mg/m^. 
In the total benthos biomass (about 300 million tons), Mollusc* occupy the first place (about 30$)} 
Eohinodermata come second (about 25)0 and the Polyohaeta third (about 12$). Benthic biomaas on 
the continental shelf are well summarized lay Moiseev (1953, 1955)* The largest biomass per square 
metre is found off West Kamchatka in the southern and the northern part (more than 650 g/m 2 on the 
average)* It decreases towards the northeast corner of the sea to 50 g/m 2 and then increases 
southward to the second largest biomass in Taraika Bay (about 540 g/m 2 ). In the southern part off 
West Kamchatka and off South Sakhalin more than half of the benthio biomass is qualified for food 
organisms* 

Three hundred and seventy-nine species of bottom-living maorophytes are listed in the Sea of 
Japan* Along the coast of Primor'e Arctic-boreal species are predominant in the northern part and 
boreal ones in the southern* Most of them are endemic to the northern part of the Pacific and some 
are amphi-boreal* Vast fields of the commercially utilised marine grass Phyllospadix occur at 0*5 
to 15 m depth in some areas of southern Primor'e* Bottom fauna has been well studied for the Peter 
the Great Bay area, where life is much more abundant on soft soils in the littoral than on the 
rooky littoral* In the sublittoral zone, fields of the sea grass Zostera give shelter to abundant 
fauna* Somewhat below them in the Horizon of Laminaria and red algae, the Poly ch* eta make up half 
of the biomass and the second and third places are occupied by Bohinodermata and Mollusoa on a 
sandy silt soil, while Crustacea are predominant (70 to 95$ of the biomass) on purer sand* 
At greater depths (80 to 200 m) the total biomass becomes notiosably less and farther down is 
oonftiderably impoverished* It is a feature of the Sea of Japan f in comparison with the neighbour- 
ing Sea of Okhotsk, that the bottom fauna becomes markedly poorer in species composition with inoreai 
ing depth* In the Sea of Japan also, the biomass itself deoreasss noticeably as depth increases 
(Zenkevioh 1963). The biomass on the shelf along the Asian mainland is generally low (94-340 g/m 2 ) 
and the greatest biomass is found in Pster the Qreat Bay at the depths 50-80 m along the coast of 
Priaor'e (Moiseev 1953)* 

In the surroundings of the Japanese Islands the bottom flora comprises 864 species, of which 
310 species are endemic to the region* To the north of southern Hokkaido are distributed Arctic- 
boreal or boreal species. Along the southern coasts of Japan through west of Kyushu prevail sub- 
tropical forms* Generally ohlorophyoea species increase in number to the south Phaephyoeae 
(Uyeda et al* 1963)* Bottom fauna is here again very variable, depending on variable local condi- 
tions* Broadly speaking, Porifera and Coeleterata are abundant along the southern coasts of Japan 
through west Kyushu into Korea Strait and again towards Tsugaru Strait* Annelida are widely 
distributed with a predominance of Sedentaria* Crustacea, mostly Deoapoda, are also widely distri- 
buted but usually as a member of biocoenosis there* Among Ichinodermata, Aateroidea, Bchioidea, 
and Holcthuroidea are dominant on sandy beds along the Pacific coasts* Warm water Qphiuroidea, 
found in muddy regions on the Pacific region also, are more abundantly distributed farther offshore 
on the Sea of Japan side* Molluscs are rather more abundant and distributed towards offshore in 
the southern part of the Sea of Japan. The eutrophic region lies west of Kyushu into Korea Strait 
and extends over the shelf of the southern Sea of Japan* Towards Tsugaru Strait again is observed 
a narrow but eutrophio region (Aikawa 1934)* 

In Japan many species of these bottom flora and fauna have long been utilised for human food 
and raw materials of agar, algin, gelose and carrageenin, some of them being commercially cultured* 
Consequently, biological studies on them are greatly advanced, but problems of culture are left 
out of the present review* 
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5. FISHBRIBS AND THEIR RESOURCES 

About 2,500 species are listed in the 'Key to the Fishes and Fiehlike Animal, of Japan 1 by 
Cicada and llatsubara (1938). Probably a good many of the speoies may be duplicated, but 
Bass has recently reported about 300 speoies and subspecies for the Sea of Okhotsk and about 
615 species for the Sea of Japan (Zenkevioh 1963). The shelf zone is poorly developed in the 
Northwest Pacific under consideration and consequently there seems to be a considerable predomi- 
nance of pelagic fishes over bottom-living animals, as compared with, for instance, the Barents 
Sea. The faunas in the northern part have much in common with those in the northern part of the 
Atlantic in their amphiboreal characteristics, but many speoies of fish and invertebrates, in 
spite cf no essential taxonomio differences, vary greatly in their ecology and mass development 
(Moiseev 1953, 1955). 

Commercially about 20 speoies of fish in the Sea of Okhotsk and about 40 speoies in the Sea 
of Japan are utilized by the fishermen of USSR. Hundreds of species, on the other hand, are 
fished by the Japanese, of which commercial landings are grouped into 66 categories of fishes 
and 22 categories of invertebrates in the Government statistics. Not only many speoies of fish, 
but various kinds of invertebrates, molluscs and crustaceans, and also sea-urchins, sea-cucumbers 
and ascidians - if edible - are commercially utilised in Japan. Another feature of the Japanese 
coastal fisheries is that most of the resources have been exploited by several kinds of fishing 
gears. That is, in general, the Japanese coastal gears are not intended for a particular speoies, 
although some species may be exploited in a particular season and with a particular gear. The 
same appears to be true along the Korean coasts. This fact partly reflects a hydrographioal and 
biological variability in nature found in the Northwest Pacific, but more essentially that there 
exists a considerable difference in historical, social and economical backgrounds of the respec- 
tive fisheries. 

The USSR fisheries in the Far East had long been confined to the very coastal regions, mainly 
for herring and salmon. Sinoe the early 1950s, however, the Far East fisheries have begun to be 
rapidly reinforced by fleets of ultramodern fishing, processing and support vessels, with offshore 
fishing exclusively encouraged. Along with such large capital investment, about 600 national 
corporations for processing on land, so far dispersed along the coasts, have begun to be reorga- 
nized into fewer and larger units to meet this essential transformation in the fishery. In Japan 
too, such industrialisation has been promoted since the early 1950s, especially development of 
high sea fisheries in distant waters by private enterprises and companies under government license 
controlling their areas and types of operation. In Japan, however, long-cherished demands are 
distributed all over the country along the coasts and they have kept on supporting the coastal 
fisheries. There seems, however, to be no such demand distribution along the coasts of USSR* 

5.1 Fishery statistics 

Fishery statistics for Japan, and recently for South Korea, are well documented but with some 
difficulties for the present purpose. In some oases they are not always compiled by fishing area. 
Unfortunately, catch statistics for North Korea and USSR are incomplete. The available statistics 
have therefore been given in two sets of tables. Appendix Tables D1 and B2 give the total catch in 
the North Pacific for 1964 to 1968, by country and by major speoies. The more detailed breakdown 
by area in the western Pacific (Sea of Japan, Sea of Okhotsk, and the open Pacific, east of Japan 
and the Kurils). These are given, by country, for the last year (1964) for which complete data 
are available, in Appendix Tables D3, D4 and D5 

(a) USSR fishery in the fer East 

The Soviet Union fisheries in the Fur East saw a major transformation during the early 1950s. 
Sinoe 1955 the total catch has continuously increased - 0.64 million tons in 1955t 0.82 in 1958, 
155 in 1963 and 1.75 in 19*4* *n 1958 the southeastern Bering Sea and the Gulf of Alaska began 
to be exploited by the Soviet fishing fleets. In the mid 1960e about 70fc.or more of total Russian 
landings from the North Pacific came from factory-ship operations in those far seas (Jakhonov 1966)% 

- Herrixuri The main fishing grounds are northern Sea of Okhotsk and Olyutorsky Bay in Bering 
Sea. Total ^toherinthc Far East have increased from 136,000 tons in 1955 to 460,000 in 1964. 
In 1964 65* was landed from northern Sea of Okhotsk and off the west coast of Kamchatka. In 
nothern Sea of Okhotsk the catch was about 7,500 tons in 1955t increased to 250,000 in 
1964 and since then for a few years has been fluctuating between 50,000 and 100,000 thousand tons. 
There was once one cf the most Important fishing grounds for herring around Hokkaido, South 

and PrSorU, where about 18,000 tons cf herring was landed in 1964 (Isvestia TINRO 1965). 
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- Salmons Salmon oatohss along tha ooaats hays gradually daoraaaad thaas last tan yaara. 
Tha oatohss in thousands of tons of tha dominant spaoias ara shown for sons aalaotad paira of 
yaars.l/as followsi 

Tabla D2 - Salmon oatohss in tha lorthwsst Pacific 
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96.4 
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84.1 


49.7 


8aa of Okhotsk 


55*0 
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31.3 


39.7 


26.8 


23.0 


Baa of Japan 


0.1 


0.1 
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88.3 


72.4 


47.5 


19.7 


35.7 


14.7 


8aa of Okhotsk 


70.8 


53.6 


22.6 


6.9 


16.9 


5.3 


Saa of Japan 


5-0 


18.2 


11.3 


8.0 


3.2 


2.9 


TOTAL 


173.4 


166.6 


96.4 


73.8 


84.1 


49.7 



lts - Thraa othar apaoiaa, aookaya, silrsr and king, ara caught on both aidaa of Kamchatka 
Psninsula a Ions (FAO Statistical Taarbook) 

Oadoidai Tha catch has ataadily inoraaaad thsss tan yaara, sspsoially of Alaska pollack 
and navaga. Tha catch of Alaska pollack waa 9,700 tons in 1955, 109,200 in 1960 and 213,600 in 
1964. (Tha USSB catch in 1967 mora than doublad that in 1964, but no information ia available as 
to whsrs this waa landad. Tha sams ia almost trua of tha Japanese catch, of which tha increase 
comes exclusively from tha Baring Saa.) In 1962 820 of tha Alaska pollack catch oama from Primofe 
and 150 from Sakhalin. Bavaga waa mostly fished around Kamchatka Peninsula, and tha oat oh waa 
20,000 tons in 1955 and quits recently inoraasad to 30,000 in 1964. 

- flat fishes i The catch inoraaaad until 1961, but since than it tea daoraaaad to a level of 
1956-7* It waa 119,200 tons in 1955, 249,600 in 1961 and 141,500 in 1964* In 1962 650 oama from 
aaatam Baring Saa, 220 from West Kamchatka and 70 from Bast Kamchatka. Generally, tha oat oh from 
tha Asian continental shelf has slightly daoraaaad recently. About 5,600 and 7,400 tons were 
respectively caught in Primor'e and Sakhalin in 1962. 

-Bookfiahi About 63,000 tons of rookfiah were caught in 1962, moat of which oama from 
Baring Saa and only 20 from Primor'e. Remarkable increases in 1963 and 1964 (128,000 and 275,700 
tons respectively) were exclusively due to tha fishing operation in tha Oulf of Alaska (Ohitwood 
1969). 

~ Othar apaoiaai King crabs ara almost all fished along tha wsst ooast of Kamchatka and tha 
catch has been maintained at a level of 30,000 to 35,000 tons in recent yaara. Pacific saury waa 
caught in tha Pacific naar tha southern Kuril s and tha catch waa 45,000 tons in 1962, 53,000 in 
1963 and 27,000 in 1964. About 3,000 to 5,000 tons of seaweeds, mcstly kelp, were harvested in 
Primor'e and Sakhalin (Jakhonov 1966). 

Tha estimated catches in 1964 by araa by USSB ara summarised in Appendix Tabla D3. 
(b) Berth Korean fishery 

Littla information is available. A government ralaaaa said that tha total catch by tha 
Democratic Paoplaa Republic of Korea amounted to 840,000 tons in 1962 and 640,000 in 1963. Upon 
pre-war information, at laaat half of it ia guessed to have been landad from tha Saa of Japan. 
A report (Tyan Xr Khan 1962) stated that during 1950 to 1953 a trawl fishsry for Alaska pollack 
had developed. Tha catch inoraaaad to 263,000 tons in Baat Korea Bay in 1956, almost equal to 



I/ As pink salmon in odd and avan yaara balong to diffarant populations, although tha 
may bo mads uaa of for spawning, with almost indapandant rsproduotion oyolss 
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the highest oatoh in the past (272,000 tons in 1940). Another report (rim Sin feu 1956) indicated 
that the mackerel oatoh in the forth Korean waters increased to 134 f 400 tone in 1950, but was 
reduced to a low level of several thousand tons in 1956-7* 

(c) South Korean fishery 

Oatoh etatietios by area are available for 1966* Total catch in 1966 by the Republic of Korea 
reached 563*200 tons, of which 175,600 tons came from the Sea of Japan side, excluding those dis- 
tricts facing Korea Strait* The catches by speoies in 1964 from the Sea of Japan side were separa- 
tely estimated in the 1966 speoies compositions. 

The estimated catches along the east coast of the Korea Peninsula are summarised in Appendix 
Ta'ble 94* 

(d) Javanese fishery 

As mentioned above, oatoh statistics in Japan are not always compiled by fishing areas. Such 
a difficulty appears to increase as the tonnage and powers of fishing vessels increases. Catch 
statistics by area, given in the Government Statistical Yearbook, were modified according to vari- 
ous information on fishery and resource studies so far as was reasonably possible | however, this 
was a difficult task and the results are not entirely accurate* The areas at issue are especially 
Hokkaido and western Japan* Some trawlers on the Pacific side of Hokkaido fish not only in the 
Sea of Okhotsk but even as far as Bering Sea. Some purse seiners in western Japan go to the smst 
or South China Sea for mackerel or horse mackerel. Effort statistics are also well documented, 
not by speoies fished but by major fishing gears. The estimated catches by area in 1964 ere summar- 
ised in Appendix Table J>5* It is to be noted that the Japanese oatoh in the waters adjacent to the 
Japanese Islands was rather bad or stagnant for the year 1964* The catches outside of the areas 
under consideration are almost completely excluded from tabulation except salmon $ salmon catches in 
the western Bering Sea are included* 

The total USSB catches in 1955 of the commercially important fish speoies amount to only 
106.000 tons in the Sea of Japan and 334,000 tons in the Sea of Okhotsk. These figures seem 
reasonable in the light of the USSR total coastal landing reported of 300,000 tone in the Jmr Bast 
for that year (Uehailov 1960). The Horth Korean fisheries in the Sea of Japan during the pre-war 
periods depended exclusively on sardines and Alaska pollack. Sines 1941 the sardine fishery has 
more or less abruptly collapsed. Therefore, the total landing from the forth Korean waters would 
have been less than 350,000 tons In 1955 (including about 200,000 tons of Alaska pollack). The 
South Korean landing from the Sea of Japan in 1955 ! estimated as about 100,000 thouaand tons of 
fish, including squid. In the same year, the Japanese landing of fish speoies was about 600,000 
tone in the Sea of Japan and 320,000 in the Sea of Okhotsk. Sinning up these estimates gives 
total catches in 1955 in the Seas of Japan and Okhotsk of 1.1 to 1.2 million tons and 654,000 tons 
respectively. The figures of 1*6 and 0.67 million tons, given by Zonkovioh (1963) appear to be 
a little high especially for the Sea of Japan, even though his figures may include the landings 
of invertebrates, seaweeds and marine mammals* 

The catches by arsain 1964 of all countries concerned are summarised in Table D1. 
6* STOCK ASSESSMENT 

Observations and studies, too many to enumerate, are available on fisheries resources. However, 
in general, straightforward stock assessment by speoies seems to be rather limited - especially in 
Japan - probably due to overwhelmingly complicated structures in fishery and in demand* Host 
Japanese biologists believe that the Japanese coastal waters have already been heavily exploited 
and are more concerned with conservation against rapid industrial development along the coasts. 

6.1 Sardine (Sardinops melanostiota (Temminok and Sohlegel)) 

Sardine was once the largest fisheries stock in Japan. The total catch along the ooasts of 
Japan exceeded 1 million in 1932 and reached 1*6 million tons in 1936. Meanwhile the oatoh along 
the east coast of the Korea Peninsula increased also and 1*35 million tons of sardine were taken 
in 1937* Their abundance, however, quite abruptly declined towarde the early 1940s and the Korean 
fisheries completely collapsed in 1943* It is now generally accepted that unfavourable changes in 
environment had seriously damaged sardine populations in larval stage for a few years* In the 
poet-war period, their distribution, spawning as well as main fishing grounds, was found apparently 
greatly changed, compared with those in the pre-war period. At first they appeared to be recovering 
with gradual increase in oatoh to about 460,000 tons in 1951 1 out since then the catch has contin- 
uously decreased to 16,000 tons in 1964* 
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Table D3 - Present yield by area around 1964 (OCX) tone rounded figures) 





Japan Sea 


Okhotsk Sea 


NW Pacific (5) Total 


Pelagic 


280 


375 


1,230 


1,885 


Northern sp.( 1) 


45 


375 


340 


760 


Southern sp*(2) 


235 


-' 


890 


1,125 


Demersal 


835 


410 


365 


1,609 


Northern sp*(3) 


820 


405 


280 


1,505 


Southern sp*(4) 


15 


5 


85 


105 


Other fishes 


130 


115 


367 


612 


Squid and Cuttlefish 


175 


15 


185 


375 


Other nollusos 


25 


20 


300 


345 


Other invertebrates 


30 


do 


70 


180 


Seaweeds 


42 


38 


5 


275 



Notes - (1) Includes herring, salmon and saury 

(2) Includes sardines, anchovy, mackerel, jack mackerel, yellowtail, skipjack and tunas 

(3) Includes llaska pollack, cod, navaga, atka mackerel, rookfish, flatfishes, sand fi eh 
and argentine 

(4) Includes southern demersal fish and sand launoe 

(5) The Northwest Pacific as used hers is the waters east of Japan, the Kurils and Kamchatka 

The old documents and records now available indicate that the sardine fisheries in Japan 
have experienced long-term vicissitudes and that they had enjoyed prosperity during 157CV-80, 
169O-1720, 1800-30 and 1920-1935* Since the early 1950s, most of the fishing efforts for sardine, 
principally purse seiners, have been directed towards anchovy, horse mackerel and mackerel 
(Anon* 1966)* 

6.2 Anohovy (Engraulis japonioa (Houttuyn)) 

They are distributed all along the coasts of Japan and, although they are neritio in nature, 
sometimes found as far as 1,000 mi off northern Japan. They spawn almost all the year round with 
peaks in spring and autumn* The stocks, for convenience, are broadly grouped into four, that is 
Northern and Southern Pacific, Japan Sea. and West Kyushu stocks, but each of then is confirmed to 
consist of several local stocks, and they are further composed of spring and autumn broods* Coop- 
erative studies indicate that the stocks and the fisheries are fairly localised (Anon. 1966)* 

The catch was long maintained at a level of 100,000 tons but since 1951 it rapidly increased 
and attained 430,000 tons in 1957* About 8<# of the catch was taken from the Pacific coasts 
including Setc Inland Sea. It is further noted that about 20,000 to 25,000 tons of post-larval 
anchovy were taken along the southern Pacific coasts although these fisheries are at present 
considered to have no appreciable effects on the adult fisheries (Tanaka 1960, Hayaei 1961). In 
the 1960s the total catch slightly decreased to a level of 250,000 to 300,000 tons, but it is 
generally regarded as reflecting a decrease in demand* An increase in catch of 100,000 to 
200,000 tons would be biologically feasible, provided that the demand existed (Anon* 1966). 

6*3 Jack mackerel (Traohurue japonious (Temminok and Sohlegel)) 

The main spawning grounds exist west of Kyushu in Bast China Sea, along the edge of the 
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continental shelf, where the Tsushima Current ie branching off the Kuroshio Main* They re more 
pelagic in nature than sardine and mackerel, and the main fishing grounds extend in offshore waters 
from those spawning grounds towards the west ooast of Kyushu and the southern part of the Japan 
Sea* Until 1951 the oatoh was rather low and below 50,000 tons in all, but in 1952 through 1958 
it rose up to a level of 200,000 tons as the fishing effort shifted from sardine. Since 1957-8 
technological developments led to the exploitation of new fishing grounds offshore in last China 
Sea and the oat eh again climbed to a level of 500,000 tons in 1960, as the efforts increased. In 
the meantime, the oatoh statistics indicate that the oatoh along western Japan was maintained at 
a level of 100,000 tons, accompanying some annual changes in availability* 

Recently it has been noted that the catch at the edge of distribution has been decreasing 
and that smaller adults have increased in the offshore catch, indicating an increased fishing 
intensity on spawning populations, and that the oatoh of O-age group has increased in the coastal 
waters and occasionally exceeded half of it, indicating increase, not in availability, but in 
fishing intensity* Conventional analysis suggests that raising the minimum size a few centimetres 
may result in a 20f> increase in yield, but otherwise the present fishing efforts might almost reach 
the point of over-fishing (Mitani 1963)* 

6*4 Mackerels (Scomber japonioue (Houttuyn) and S. tapeinocephalus (Bleeker) 

Mackerel caught in the vicinity of Japan consist of two species* Their distribution ranges 
fairly overlap especially south of 37-38H. The former, common mackerel, are distributed further 
north* Total mackerel oatoh in Japan more or less steadily increased in the post-war period, from 
50,000 tons in 1947 to 500,000 tons in 1964. Regionally, however, the catch along the coasts of 
southern Sea of Japan and west of Kyushu has been fairly maintained, with some inevitable annual 
fluctuations, at a level of 100,000 tons, while the catch along the Pacific coasts from central 
Japan towards Hokkaido has remarkably increased since 1955 aad attained a level of more than 300,000 
tons in the early 1960s* That is, common mackerel, japonious, was a predominant contributor 
to the remarkable increase in oatoh. Since the early 1960s the Soviet Union fisheries have opera- 
ted in the Pacific off northern Japan, but unfortunately no information is available* 

Common mackerel. j>* japonious, consist of three major stocks, southern and northern Sea of Japan 
groups and the PaoificTgroup, the most predominant stock of the three* Their spawning grounds 
extend along the west ooast of Japan towards Bast China Sea on the one hand, but the main spawning 
grounds are along the southern coasts of Japan, especially above South Honshu Ridge south of central 
Japan. Analysis of oatoh and effort statistics indicates their abundance there has still bs stead- 
ily increasing (Usami 1965)* Southeast of Hokkaido, in addition to the Soviet Union fishing 
efforts, the purse seine efforts have been greatly intensified since 1962* However, there seems 
no indication that the stock is under too heavy exploitation. The oatoh in the Sea of Japan appears 
to undulate in a few years 9 cycle* 

It is known that farther offshore than the present fishing grounds in the Pacific young 
mackerel are distributed. Technological development would feasibly bring about an increase in 
yield of 100,000 to 200,000 tons (Anon* 19 68 a). 

6.5 Herring (Clupea pallasi (Ouvier and Valenciennes)) 

Herring was once the largest stock in Hokkaido. Around 1900, about 750,000 tons of herring 
were caught along the coasts of Hokkaido, but since then they had generally begun to decrease. 
Until the early 1950s, however, occasional occurrences of a dominant year-class at intervals of 
3 to 6 years, supported the fisheries for the next few years and the catch was maintained at a 
level of 200,000 to 300,000 tons (Ishida 1952, Motoda and Hirano 1963, Ayushin 1963). The present 
fisheries in Hokkaido have almost collapsed with the last dominant year-class in 1939* Meanwhile, 
it is observed, their spawning grounds have shifted northward and 'gradually diminished (Hanamura 
1963). 

The same is generally true for the herring stocks in the Sea of Japan along the coasts of lorth 
Korea. Pster the Great Bay and Primer f e (Hirano 1961, Motoda and Hirano 1963). The herring abundance 
has entirely shifted to the northern ooast of the Sea of Okhotsk* Soviet biologists assume that there 
are two stocks there* The fisheries there had long caught only the spawning populations along the 
coast, but since the early 1950s have developed offshore fishing for oil-herring on the tracks of 
feeding migrations and the oatoh has remarkably increased. Evidently however, the fisheries 
olossS depend on dominant year-classes and the catches are fairly variable from year to year. 
Spawning success seems to be related to peculiar hydrographioal conditions in northern Sea of Ckhotsk 
along the ooast, that is, a narrow band of pack-ice along the coasts begins to melt arlij* than 
offshore although the timing closely depends oh the climate, to provide favourable conditions for 
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phytoplankton developments (Ayushin 1947 Kaganovioh and Polytov 1950)* Utader such circumstances, 
the Soviet biologists hay* mad* only conservative estimates of sustainable yltld in the northern Sea 
of Okhotsk* 

6.6 Saury (Cololabia eaira (Brevoort)) 

It has long been known, and recently confirmed uy Soviet research vessels, that saury art 
distributed widely all over the forth Pacific, mainly in subarctic waters. However, tha fiahariaa 
in tha lorthwaat Paoifio havt takan only thoaa groups of saury, 3 and 4 year-old adult a , on their 
migration aouth off northern Japan* Morphometrioally thay art composed of two different popula- 
tions, which art oonaidarad to be mora or lass diffsrant in tint and plaos of spawning and conse- 
quently in body length. Ooourrenoe of post-larvae along tha Paoifio ooaat of Japan indicates their 
spawning primes in autumn and early spring* Unfortunately these two populations hare not yst 
successfully followed up through their life cycle. They are assumed to distribute off northern 
Japan as far as 170% but the present fisheries cover mainly west of 150*1. The annual catch off 
northern Japan has fluctuated between 170,000 and 450,000 tons these last 15 years with a slight 
decreasing trend (Odats 1966). The Japanese biologists consider that even thess two populations 
in the Worthweet Paoifio have not yet been too heavily exploited, although further offshore fishing 
may ba economically difficult. Very recently Japanese oatohes have decreased very muohf the reason 
for this is not known for certain. 

6*7 Salmon (Onoorhynohus) 

Commercially important in tha Worth Paoifio are five speoies of Onoorhynohus. that is, 0. keta 
(ohum), 0. gorbusoha (pink), 0. nerka (sookeye), 0. kisutoh (silver) 'and 0. tsohawrtsoha (king). 
Innumerable reports on their biology have been published in Canada, USA, TfeSR and Japan. They are 
anadromous fish ending their lifa Just after spawning and the fisheries in the pre-war period 
developed along the coasts in the vicinity of their spawning rivers* It is how recognised, however, 
that thay are quits oceanic in nature during at least more than half of their life, having unsxpeo- 
tedly wide ranges of oceanic distribution in the Horth Paoifio (XHPPCPBullatina 1955-68). Together 
with her surrender in World War U, Japan lost all her fishing rights long established along the 
Asian ooaata, and since then shs has basn obliged to depend solely on offshore fishing for salmon, 
although some high aaa fisheries for salmon had bean conducted there since 1930 (Kasahara 1963). 
The high aaa salmon fisheries are now striotly regulated upon recommendations of two international 
fisheries commissions, the one between USSR and Japan, and the other among Canada, USA and Japan. 

Because of their rather established pattern of spawning, any speoies stock consists biologi- 
cally of many unit populations, too many to dsal with separately. As a first and practical approx- 
imation, therefore, it is generally accepted that they are grouped into several local stocks in the 
light of some assumed ecological similarities and statistical conveniences. Catch statistics for 
those local stocks are rather well documented with reasonable accuracy, but statistics on escape- 
ments for spawning arc unfortunately lacking in most of the oases. Probably because of these two 
circumstances, superimposed with environmental variations, high annual variabilities are usually 
observed around any fitted parent-progeny relationship (Banamura 1963). 

- Chum salmont Tha Asian ohum resources consist of the following seven local stocks, that is, 
Bast and West Kamchatka, Okhotsk District, Amur Summer and Autumn, Sakhalin and Hokkaido-Japan-Proper 
groupa. Dominant in tha spawning population are 4 and 5 year-eld groupa and generally thay do not 
spawn so far upstream aa eookeye. During their 2 to 4 years 1 ocean life, they are widely distributed 
across the ocean (Shepard li aJU 1968). Recently the summer chum stocks have apparently begun to 
fail to reproduce themselves sinoe about 1960* 

- Pink salmons Asian pinks consist of quite many unit populations and their spawning grounds 
are moat widely distributed (Zshida 1967). Generally they spawn most downstream near the mouth of 
the river. They all mature in two years and therefore odd and even year groups belong to different 
and independent cycles of reproduction* During their one and a half years 1 ocean life, they are 
alac distributed widely across the ocean (leave j ej,. 196*7). for convenience, they are grouped 
into three major stooksi Bast Kamchatka, Pacific, spawning along the ocasts of the Sea of Okhotsk and 
along ooasts cf northern Japan, and Sea of Japan group, spawning along Prime* e Amor and west Sakhalin* 
Apparently moat cf the populations, especially those along the west coast of Kamchatka, have begun 

to fail to reproduce themselves since around 1960* 

An overall parent-progeny relationship for three major stocks indicated a sustainable yield 
on the average to ba aa high as 227,000 tons for the odd year group and 106,000 tons for the 
even year group, taring the late 1930s to early 1940s, about 250,000 tons of catch was maintained 
for odd years and about 150,000 tone for even years. It may be noted that in the post-war period 
the total catch has never exceeded the above estimates except for 1956 and 1958* 

International Worth Pacific Fisheries Ccmmieeion 
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- i Sookeye ealmoni The major pawning areas art now quite limited in Southwest and fest 
Kamchatka. The 5 and 6 year-old sookeye are dominant in the spawning population* on the Asian 
tide. They spawn far upstream of the river with springs or lakes. Bast Kamchatka sookeye have 
a little earlier spawning prims than West Kamchatka eookeye. Probably because of rsproduotion 
failure, coastal fishing for Kamchatka River sock eye (East Kamchatka) was prohibitsd during 1951 
through 1961. Wast Kamchatka sock eye have recently been maintained in an apparently lower level 
of reproduction than in ths 1950s. Approximate parent-progeny relationships indicate the sustain- 
able yield of Asian sookeye to be about 24,000 tons. Bristol Bay sookeye migrate westward across 
ths ocean into ths Northwest Pacific, where they are susceptible to off short fishing, although ths 
amounts taken ars annually variable (Chitwood 1969). 

- Silver and King salmon t Catches are small and largely incidental to fishing for other 
species. 

6.8 Skipjack (Katsuwonus pelamis (Linns)) 

The fishing season in ths vicinity of Japan begins in April or May southwest off Kyushu, 
moving along ths Pacific coast and arrives in July or August off northern Japan. Five different 
groups of skipjacks migrate towards ths coastal waters with some time lags though they all belong 
to ths same trans-oceanic stock in ths North Pacific (Kawasaki 1966). The group off norther Japan 
consists exclusively of 2 year-olds. Since 1958 the catch as well as the strength of migrating 
groups have been increasing. In general, skipjack have so far been fished along ths edges of their 
distribution only. Consequently, substantial increase in yield over 120-150,000 tons at present 
could bs expected, provided that some difficulties in transportation and processing could be over- 
come. 

6.9 Blusf in tuna (Thunnua thynnus (Linne)) 

Thtir spawning grounds ars confirmed along the axis of ths Kuroshio off ths Ryuku Islands 
(Tabs et al. 1966) , and ths young and adults ars caught in the coastal waters of Japan. Ths catch 
exceeded 30,000 tons in 1956, but it now appears to bs stable at a low level of 15,000 tons, ffo 
substantial increase in sustainable yield would bt expected. 

6.10 Tellowtail (Seriola quinqueradiata (Temminok and Sohlegel)) 

They spawn southwest of Kyushu in central East China Sea in winter, and their larvae and young 
less than 10 cm are transported by the Kuroshio or the Tsushima Current together with the floating 
seaweeds in which they shelter. They are quite neritio in nature, but they seasonally migrate a 
good distance along the coasts. They have been long fished by so-called paesive geare, for instance, 
by set nets along the coasts. Because of high commercial value, larvae and young collected alive, 
have recently begun to be reared by artificial feeding. The number of larvae, collected alive, has 
rapidly increased since 1964 and amounted to more than 33 million in 1967* In that year about 
26,000 tons of commercial sized yellowtail were produced by culturing and about 49,000 tons of 
yellowtail were taken by the coastal fisheries. The newly developing fisheries on these larvae and 
young are now considered to have no appreciable effects on the old yellowtail fisheries along the 
coasts. 

6.11 Common squid (Todarodes paoificus (Steenetrup)) 

Common squid is now one of the most important stocks along the coasts of Japan. In the post- 
war period the catch increased explosively, supported by increase in demand and technological 
development. The catch exceeded 500,000 tons in the early 1960s. In spite of developments in 
gears, however, the fisheries have experienced large annual fluctuations in availability and fish- 
ing success, and the catch has gone up and down between 300 and 500,000 tons. Conventional study 
seems more difficult to apply than in the case of fish populations and progress was rather slow, 
but basic information on spawning (Hamabe 1962), early development (Okutani 1965) Okiyama 1965a) 
stomach contents (Okiyama 1965a, Hamabe 1964, Abe 1965) and population structure (Ito 19*5* K**oh 
1964, Shintani 1965) have been steadily compiled (Anon. 1965)* On* of the main spawning 
grounds it shown by distribution of larvae of early Rhynchoteuthion stage to exist southwest of 
Kyushu along the edge of the continental shelf in winter, and larvae and young are transported by 
Tsushima or Kuroshio Currents (Watanabe 1965). During June through November the fishing grounds are 
situated in northern Japan, and during February to April in western Japan. Along both coasts of 
central Japan the eeasons are in December-January and in May. Population structure is no more 
considered to be so simple as expected, and fishing success seems to depend closely on hydrography 
ioal conditions, favourable upwelling or convergence. More than 800 of the total catch has been 
generally taken along the Pacific coasts of northern Japan and Hokkaido. They are neritie in 
nature, especially when young, and no substantial increase in sustainable yield appears to be 
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expected at leaat along the Pacific ooaata of northern Japan* Along the aaat ooaata of Korea 
Peninsula more than 70, OCX) tona of common squids art estimated to have baan taken recently, but 
further offshore in central Sea of Japan exist possibly favourable hydrographioal eonditioaa and a 
wide and abundant distribution of food organisms, Paranthemist japonioa. indicating a high poten- 
tial productivity of common squid (Okiyaoa 19658, Anon* 1965}* 

6.12 Alaska pollack (Theragra ohaloogramma (Pallas)) 

In the 1960s the Japanese catch of Alaska pollack tremendously increased in the Horth Pacific, 
mainly due to new technological developments in processing and reaultant increase in demand* The 
stocks in the Baring Sea are the main contributors to raoant increase in catch. The Alaska pollack 
resources in the Vorthweat Pacific under consideration in this aeotion have* according to Japanese 
biologists, all baan under fuller exploitation, especially in northern Sea of Japan* They are 
considered to consist of several stocks (lahida 1954, Ogata 1956, 1959)* Broadly speaking there are 
two major stocks in the Sea of Japan, the one along northern Primor'e, West Sakhalin and 
Hokkaido, eaat of Gape Brlmo* and eastward to the southern Kuril s. Since the middle 1960s the 
stocks off South Kamchatka and around the northern Kuril a have been heavily exploited* 

In general, Alaska pollack do not appear to migrate so widely aa previously supposed, and 
their reapeotive spawning grounds have already been confirmed exoept for those along last Sakhalin* 
Beoauae of nekton-bent hie nature, they are fished by several gears, trawls, longlines and aet neta. 
la the Sea of Japan the Japanese fish only the spawning populations and the dominant age groups 
taken are 4 to 5 age-groups in East Korea Bay (fyan Ir Khan 1962) and 5 to 6 age-groups in northern 
Sea of Japan (Anon. 1968 a). In the Sea of Okhotsk and in the Pacific, on the other hand, the feed- 
ing populations are rather largely fished and the percentage of immature 4 year-olds tends to 
increase in the catch. The fisheries dependent on spawning populations have recently been stable, 
while those for feeding populations are much more subjected to annual changes in availability, 
whioh in ita turn dependa highly upon the distribution of food organisms (Anon* 1966 a)* 

According to Japanese biologists, almost all spawning populations in the Sea of Japan have 
been fished since 1955 **d the oatoh by Japan has been maintained at a level of 100,000 tone ainoe 
the early 1960s, with fairly stable strength of recruitment. The same ia probably true in East 
Korea Bay. In the middle 1960s the total oatoh in the Sea of Japan by all countries ia estimated 
to have amounted to about 570,000 tons and any substantial inoreaae beyond 600.000 tona could not 
be expeoted* 

In the Sea of Okhotsk, the fishing grounds have recently extended off the northeast ooaat of 
Sakhalin* In Taraika Bay the Japanese oatoh has increased to a level of about 70,000 tona* There 
and northward floating ioe has rejected any aooeas to the spawning populations, but recently some 
decreases in return to increased input of efforts have been noted* Further south along the Okhotsk 
ooaat of Hokkaido, the oatoh and the oatoh per effort have both decreased ainoe 1964* The spawning 
grounds appear to be more or leaa evenly diatributed along the southwestern corner of the sea, in 
contrast with several concentrated spawning grounds in the Sea of Japan. The stocks off Southwest 
Kamchatka are fished in April-May during their spawning season. The oatoh exceeded 45,000 tona in 
1966, but the percentage of smaller fish has been observed to increase together with alight decrease 
in the oatoh per effort. In the middle 1960s the total oatoh estimated in the Sea of Okhotsk was only 
about 220,000 tons, less than half of that in the Sea of Japan, but all of the established fishing 
grounds have already indicated some signs of full or over-exploitation. There appeara to exiat 
further north some virgin stocks to be exploited, but floating ioe seems to have prevented any 
efficient fishing grounds from developing there. 

In the Paoifio south of Hokkaido the oatoh increased to a level of 90,000 tona in all* They 
are mostly taken by gill-nets. Increases in yield are due to increases in effort and in gear 
efficiency, but the stock itself ia alao recognised to be increasing weat of Cape Brimo* It ia 
also noted that the dominant groups caught are 3 to 4 year-olds spawning for the firat time* The 
Japanese oatoh off Southeast Kamchatka has recently increased and exceeded 100.000 tona in 1966. 
The oatoh per effort has alao increased more than expected from inoreaae in gear efficiency and 
the stock itself ia concluded to be increasing. Biological information ia still too limited to 
conclude how much they are sustainable for these stocks, but the preaeat level of yielda will be 
maintained for acme time* 

6.13 Paoifio cod (Padua maorooerhalus Tilesiua) 

Pacific cod are widely diatributed ia the Vorthweat Pacific. Total catches were 85,000 tona 
in the middle 1960s, but the resources consist of many local stocks, each of whioh seems to be too 
small to develop specialised cod fisheries aa ia the Horth Atlantic aad easily inclined to be over- 
exploited* Moat cod are taken incidentally aad consequently population study ia scanty exoept for 
a comprehensive biological atudy by Moiaeev in 1953* 
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6*14 Havana (Elegiug novaga Kolreuter) 

About 30,000 tons of navaga have been recently taken by Soviet Union fisheries. Some are 
incidentally caught around Hokkaido by the Japanese fisheries, but they have no appreciable 
importance in Japan. 

6.15 Atka mackerel (Plurogrammua aeonue (Jordan and Mete)) 

They are widely distributed in the Sea of Japan through southern Sea of Okhotsk to the north- 
ern Kurils, but they are mainly fished in the surroundings of Hokkaido. There they have been long 
exploited and the total catch has fluctuated greatly between 40,000 and 200,000 tons these last 
ten years. Atka mackerel change their habitat by stages of growth and consequently they are fished 
by various gears, applicable to their different habitats, that is, by trawl when one-year old young 
pass a few months at the bottom, by purse seine in the following spring when they feed at the 
surface layer and by gill nets or longlines when they have recruited to the adult populations in 
the rooky bottom of about 150-200 m depth (Kitakata and Kon 1968). The catches by trawl are very 
variable from year to year, not only due to variable strengths of recruitment, but because the 
fishing efforts are so often shifted towards more attractive species, Alaska pollack or flatfishes. 
No straightforward relationships have yet been found between the sisc of spawning populations and 
strength of one-year old recruitment. 

In the light of rather complex structures in population and in fishery exploitation, biolog- 
ical information seems to be still short of making any stock assessment, but the biologists con- 
sider that the stocks are on the threshold of over-exploitation. 

6.16 Flatfishes 

Generally, they are of minor importance in the trawl catches in southern and western Japan. 
Along the coasts of northern Japan as well as along the coasts of the Sea of Okhotsk and Prinor'e, 
there seem to be no predominantly abundant species distributed, although some characteristic 
species may be found in each of the regions under consideration. Comprehensive biological informa- 
tion on flatfishes in the Horthwest Pacific have been well summarised by Moiseev (1953). Popula- 
tion studies in Japan have been confined to those species commercially important or caught in 
Quantity in the region concerned. These aret Japanese dab, Lijnanda hersensteini (Jordan and Snyder) 
and I*. Bohrenki (Schmidt), a flounder, Cleithenes pinetprum hergensteini (Schmidt) in Hdkkaidof ft 
smear dab. Mi pros t emu a aohne (Jordan and Starks;} Greenland halibut, Reinhardtius matsuurai (Jordan 



. 

and Snydr)i a witch fl^SdeV, Qlyptocephalus stelleri (Schmidt) in the Pacific off northern Japan, 
a California sols (Bopsetta grigorW iHersenstein J Bering flounder, Hippofilossoides flibius 
Schmidt) and others in the Japan Sea. 

The catches of most flatfishes seem to have been maintained at a level along the coasts of 
Japan, but it should be noted that the flounder, Cleitheines pinetorum hersensteini (Schmidt), 
has recently been increasing in abundance as well as catch, in the waters around Hokkaido and in 
southern Sea of Japan (Anon. 1965, 1966). The Japanese catch of flatfishes off West Kamchatka is 
unexpectedly small (a few per cent of the total). The catch per^ effort indicates yellowfin sole, 
Linanda aa 



sieo of 



aspera, as recently increasing, though flatfishes generally are decreasing, but the average 

ole is still notably smaller than that observed during the 1930s. 



Generally, most of the flatfishes seem to be over-exploited. An increase in sustainable yield 
may be expected by, e.g. increasing the average sixes of fish caught. The coastal fisheries in 
Japan, however, do depend on a mixture species of flatfishes of different sizes and requiring 
different management. Under such circumstances, simple practices of improving sustainable yield 
do not appear to be immediately feasible. 

6.17 Other northern demersal fish 

While Alaska pollack is the predominant component of the demersal catch, followed by atlca 
mackerel and flatfishes, there are other regionally important specie* to be referred to, that is, 
a channel rookfish, Sebastolobus maoroohir (Ounther) in the Pacific off northern Japan and a 
sandfish, Arctosootms .laponious ( Steindaohner ) and an argentine, Oloesanodon semifasoiatus 
(Kisohinouye) in the Sea of Japan. 

6.18 Sebastolobus maoroohir is distributed along the Pacific coasts of northern Japan, 
Hokkaido and the Kurils towards East Kamchatka, on the rocky edges of the shelf (100-800 m depths). 
There are three local stocks in the vicinity of northern Japan and Hokkaido. Because of high 
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commercial value, the fishing hat always tended to oonoentrate on this spooiea and the oat oh hae 
theae laat ten years fallen to about half of that of the early 1950s. The site of fish in the 
oatoh was 20-25 on in body length in 1952, but rapidly diminished and sinoe 1956 most of the eatoh 
has oonsisted of immature young (7*9 on in body length) (Mikawa 1968). 

Evidently these stocks art over-exploited and substantial inorease in yield can, theoretically f 
be expected. Difficulties, however, are that immediate needs for subsistence are still prevailing 
along the ooasts and that their nursery grounds on the shslf are nothing but the irreplaceable 
fishing grounds for other species of commercial value* 

Stocks of Arotosoopus .laponious are widely distributed in the Sea of Japan* The dominant ags 
groups in the oatoh are 2 and 3 year-olds* In winter (November-December) the spawnsrs consisting of 
3 year-olds and older usually rush towards the coast of northern Japan and immature 2 year-olds 
ars mainly taken along the ooast of western Japan and probably along the southeast of the Korea 
Peninsula* Sinoe around 1960 not only the oatoh but the oatoh per unit effort has rapidly increased 
and at the same time the spawning grounds have also been observed to be expanding in area (Anon. 
1966). 

There are two local stocks of Olossanodon semifaeoiatus in the Sea of Japan along the ooast of 
northern and western Japan* Their spawning season seems to be in spring (March-April) and in 
autumn (September-October)* The dominant age groups in the oatoh are 2 year-olds along western 
Japan and 2 or 3 year-olds along northern Japan* Ths oatoh was onoe reduoed to a low level in 
the early 1960s, but recently the oatoh as wall as the oatoh per effort has begun to inorease 
again, especially for the northern stock (Anon. 1966). 

6.19 Demersal fishes in the southern waters 

It is a characteristic of demersal fisheries on the shelf along the ooasts of wsstsrn and 
southern Japan that there are no predominant components of the oatoh, in contrast to reoent 
dominance of Alaska pollack in the northern waters* The major components are croakers, lizard 
fishes, ssa breams, buttsrfishes and gurnards. Population studies have been well advanced for 
some of the regionally important apeoiee and almost all of those specific studiss indioate that 
they are over-exploited in a sense that the species' potential productivity is not utilised at its 
maximum* In fact, the dominant age group in the oatoh is 0-*ge group for moat of them* Consequen- 
tly substantial inorease in sustainable yield might be theoretically expected for eaoh of them, 
but the situations are very complicated, not only beoause they are trophioally related to eaoh 
other, but beoause they are fished by several different gears* Generally the total catches of 
those demersal fishss seem to have been fairly well maintained at a high level with gradual alter- 
ation of species composition involved* 

6.20 Sand launoe (Ammodytes persona tue Oirard) 

They are very widely distributed along the ooasts of Japan, but the regions where they are 
fished for in quantity are rather limited to Seto Inland Sea, the Sea of Japan ooasts of Hokkaido 
and some Paoifio ooasts of northern Japan* They like sandy bottom and rapid tidal currents, and 
spawn into ths sands in winter* The total oatoh in Japan has, these last ten years, fluctuated 
between 50,000 and 110,000 tons, although the reason why has not yet been well understood* Demand 
as human food has been decreasing, but that for reduction has increased as artifioal feeding of, 
for inotanoe, yellowtail larvae develops. 

Analysis of stomach contents of fish-eaters along the ooasts indioate sand launoe as one of 
the abundant species to be further exploited in the vicinity of Japan. 

6.21 King crab (Paralithodes oamtsohatioa Tilesius) 

Those are more neritio in nature than tanner crabs. Most of the oatoh in the region comes 
from off West Kamchatka. About 25 to 26 million king orabs have reoently been taken there by 
USSR and Japan. The biologists in both countries have agreed that under prevailing conditions no 
substantial inorease in sustainable yield over present catches could be expected (Anon* 
1966)* Some king orabs have also been taken on the east side of south Sakhalin and east of Hokkaido 
near the southern Xurils. 

The fisheries on all of these stocks, as well as tanner orabs in the vicinity of Hokkaido and 
northwards, are now underestriot regulation by an agreement between USSB and Japan. 
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6*22 Tanner .crab (Chinoeoetes opolio) 

They art distributed in a widt dtpth range of 140-600 in the vicinity of Hokkaido. The 
same ! probably true in southern Sea of Japan of western Japan. Tagging experiment, in southern 
Sea of Japan indicate those in benthio life do migrate vertically by season but do not so much 
horizontally. The oatoh in the vicinity of Hokkaido amounted to about 20,000 tons in 1967. The 
oatoh in Sea of Japan, especially off western Japan, rapidly increased over 10,000 tons together 
with an increase in fishing effort in the early 196 Of, but recently some warning signs of over- 
exploitation have been observed, such as decreased return per effort (Annual Report 1969 ) 

6.23 Whales 

The Japanese resumed offshore whaling in the western North Pacific and western Bering Sea in 
the 1950s. Operations had expanded progressively eastward since 1959 and now cover the whole North 
Pacific. The number of whales taken by the Japanese mothership whaling in ths Xorth Pacific 
increased from 3,352 in 1959 to 6,464 in 1966. Meanwhile, the Soviets increased their emphasis 
on whaling in the North Pacific in 1963 when two new factory ships were further invested. The 
number of whales killed by the Soviets has annually increased from 1,881 in 1959 to 12,386 in 1966 
{Chitwood 1969) The species breakdown by countries of the whales taken in 1966 is as follows 
(I WC Statistics)! 

Table D4 - Whale catches in the Northwest Pacific in 1966 





FiXA 


Sei 


Spenn 


Other 


Soviet mothership 


1,347 


1,545 


9,476 





landbased 


- 


- 


- 


- 


Japanese mothership 


1,266 


2,208 


3,000 


- 


- landbased 


104 


311 


2,101 


8 



The stock assessment of whales in the North Pacific has been carried on since 1962 by the 
IWC working group. The stock of blue whale in the North Pacific is not large, and in the early 
1960s it rapidly decreased and the kill has been prohibited for a period of five years from 1966. 
The kill of fin whales has recently exceeded the presently sustainable yield, on the average about 
1,640 calculated for the four regional stocks combined. The assessments indicate that stocks in 
the eastern North Pacific are below the level giving the maximum sustainable yield. A few region- 
al stocks are assumed for sei whales and the sustainable yield is under intensive study. There 
still seems to be some surplus available, which would be ussd up in a few years under the present 
rate of exploitation. The maximum sustainable yield is estimated to be probably between 1,000 and 
2,000 (Nineteenth Report of the IWC 1969). Three regional stocks are assumed for sperm whales and, 
because of ecological complexities, information now available is still short of making any reliable 
estimate of the maximum sustainable yield. The recent oatoh appeare to be substantially excessive 
for males, if not for females, over the sustainable yield at present. So far as the Japanese land- 
based whaling is concerned, no sign of decrease has yet been observed for sperm whales, not only 
biologically but in the trends of population indices. 

7. DISCUSSIONS AND SWJtfY 
71 General 

The present yield, as tabulated in Table D1, may not clearly indicate any predominance of 
pelagic species over bottom living animals. The following re-tabulation, however, will show up 
one of the features in the Northwest Pacific, where the Alaska pollack is shown distinctly from 
demersal fish. Squid is transferred into the category "peUgic" (this is disputable, as the 
category itself might also be), because of their rather nektonio nature and thus the category 
"demersal 11 consists of those species alone, which are more or less bound to the continental shelf, 
including crustaceans and molluscs other than squids. 
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Table D5 - Present yield in the Horthweet Pacific (in V 000 tons) (bated on 1964 data) 





Sea of Japan 


Sea of Okhotsk 


Bff Pacific 


Total 


Pelagic (a) 


455 


390 


1,145 


2,260 


Seal-pelagic (b) 


570 


220 


90 


880 


Bottom animals (o) 


320 


278 


613 


1,210 


Other fishes 


130 


115 


367 


612 


Subtotal 


1,475 


1,019 


2,516 


5,012 


Seaweeds * 


42 


38 


195 


274 



Notes - (a) Pelagic fish, plus squid 
(b) Alaska pollack 
(o) Demersal fish, less Alaska pollack, plus bottom invertebrates 

It is now evident, although some demersal speoies suoh as sharks and skates still remain in 
"other fishes 11 , that the "pelagic" species predominate over the "demersal 19 speoies in the present 
yield* Summing up the stock assessments by speoies in the above table, it is also noted that an 
increased level of sustainable yield may be expected for some of those "pelagic" speoies, but not 
for the "demersal" species, most of which have already been under intensive exploitation. 

The summary also indicates other features, that is, unexpectedly considerable differences 
between regions* First, there is a remarkable regional difference in the "demersal" yield, espec- 
ially when the areas of the continental shelf are taken into account, although the slopes are now 
being exploited* Excluding the shellfish yield, particularly large along the Pacific coast of 
southern Japan (another regional feature in itself), gives the "demersal" yield by region as follows t 

Table D6 - Estimated potential of demersal fish 





Sea of Japan 


Sea of Okhotsk 


HW Pacific 


"Demersal" yield(1)( '600 tons) 


280 


252 


229 


Shelf area ('000 km 2 ) 


196 


580 


134 


Yield/area (tons/km 2 ) 


1*42 


0.43 


1.70 



Note - ( 1) Alaska pollack, together with sharks and skates, are excluded 

Apparently, the "demersal" yield per unit shelf area is very low in the Sea of Okhotsk* . 
In comparison, the demersal fish yield per unit area in the Horth Sea is given roughly as 1*3g/ /year 
(Steele 1965)* A compilation by a Japanese colleague gives the demersal yield along the Pacific 
coast of southern Japan, excluding shellfish (there is in faot no yield of Alaska pollack there) 
to be as high as ?*8? g/m a /year (Dceda MS). 

It is much more difficult to compare the "pelagic" yield between the regions, but it appears 
to be especially low in the Sea of Okhotsk. The "pelagic" yield in the Sea of Japan may seen quite 
high but potential may be even higher, bearing in mind that the sea has produced nearly 2 million 
tons of sardines besides fair amounts of other species* 
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The category "other fishes 91 is not strictly comparable between the regions. However, it 
idoubtedly still reflects how much the coastal resources are now exploited. Habitat localisation 
r the populations, one of the ecological features of the fauna in the Northwest Pacific (Moiseev 
>55)t appears to be particularly the case with the coastal resources as well as the demersal 
books. Probably those resources, consisting of localised snail units, are not so rewarding or 
straotive to the highly concentrated investment. Exploitation of those speoies needs the support 
r local demands along the coasts. 

72 Comparison with basic productivity 

Direct measurements of primary production are still too fragmentary compared with information 
railabls on standing crops and biomasses, and too far from satisfactory coverage in time and space 
> allow any reliable estimate of annual production. A trial estimation, however rough and unsatis- 
ictory it may be, would be useful in stimulating understanding of the nature of organic production 
i the Vorthweat Pacific. Throughout the literature reviewed there still appears to be some oonoep- 
lal confusions in usage on standing crop or biomass and production. A high standing crop or biomass 
>es not always imply a high rate of production. The standing crop or biomass is a temporary balance 
itween the processes of increase and decrease and if it remains level the process of increase must 
balanced by an equivalent decrease ( Carrie 193d). This is one of the yardsticks, and may be the 
ily one, in .what follows. 

7*3 Kuroshio^region 

There are no distinct seasonal variations in the zooplankton biomass observed, except for some 
Lines towards offshore (llotoda and Marumo 1963)* Some reservations should be made regarding the 
pawning grounds of some major pelagic resources which extend west or southwest of Kyushu along the 
aroshio in late winter through early spring since the nets used may not sample this part of the 
aoplankton very efficiently. If we assume the possible sustainable sooplankton biomass to be $Q 
D 100 mg/m3 in the upper 100 m depth, where the majority is considered to be present (section 3*2), 
aen the daily metabolic requirements in terms of carbon will be calculated to be at least 0.12-0.24 gC 
ir unit water column* using "sooplankton equivalents" ( Gushing et al. 1953) and a mean daily meta- 
llic requirement in terms of carbon of 12$ of the mixed sooplankton dry weight (Mensel and Byther 
?61a). On the other hand, the daily gross primary production in summer is directly measured to be 
.36 gC/m 2 on a clear day and 0.29-0.31 gC/m 2 on a cloudy day (section 3*1)* Assuming the daily 
ate of respiration as 40JE of the gross production on a clear day in the tropic and the suty-tropio 
iters (Steeman Hielsen 1958), the net primary production there is estimated to be at most 0.22 gC/m z / 
&y. At first glance it appears that also in the Kuroshio there exists a similar balance as obser- 
ed in the Sargasso Sea (Mensel and Byther 1961). However, this is probably not valid for the 
uroshio because the balance, as in the Sargasso Sea, implies little or no net production of the 
ooplankton themselves sufficient to feed possible populations of the higher tropical levels, 
oughly, two possible interpretations are, in other seasons, the phytoplankton production is much 
igher to produce sooplankton surpluses sufficient to feed possible higher trophic populations 
sasonally, or the sooplankton themselves are feeding on something other than phytoplankton. In 
he Kuroshio the phytoplankton develops in late winter through spring (section 3.1). This is quite 
normal condition ( Gushing 1959a) and has also been observed in the Sargasso Sea. A possible 
ifferenoe is that the phytoplankton crop in the Kuroshio increases as the transparency is appreciably 
educed (section 2). Probably this winter blooming would have resulted from mixing to greater depths 
nd the resultant enrichment of the euphotic layer, inconsistent as it is with 8verdrup*s theory that 
his factor is responsible for low winter production further north (Mensel and Byther 1961). Of 
ore concern here is the fact that the net primary production would have far exceeded the grazing 
ate of the sooplankton for some time, and that such a high rate, however, of net primary production 
ight not continue for long without subsequent increase of grazing because of the resultant reduo- 
ion of incidental light energy. In the case of the Kuroshio region some advective effects must be 
urther taken into consider at ion, but even so this winter blooming seems to be an indication of an 
nbalanoe in the production system. This is no more than a guess at 'present and it is firmly 
xpeoted that the recent Cooperative Survey of the Kuroshio will disclose the nature of organic 
reduction there more precisely. 

The average rate of net primary production throughout the year does not appear so much higher 
nan 0.22 gC/Vday that the second possible interpretation might be completely discarded. Of 
ourse, the rate of production would increase towards the coasts. Production under deficient 
utrient content in the sea water, one of the features of the Kuroshio, will be referred to later. 

7*4 Qyashio .region 

The sooplankton biomass varies considerably according to season, and is generally less than 
mg/m3 in winter, except that there are occasionally observed biomaes larger than 100 mg/m-* 

down to 100 m depth 
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southeast of Hokkaido, up to 25O-500 mg/m^ in summer (Motion 32). tfs should alto take into 
account that, in ths Oyashio region, ths fishing grounds aro exploited in summer for tho major 
ptlagio speoies, uoh at squid, mackerel, salmon, skipjacks and latsr of saury. Unfortunately, 
dstailsd and sumnarissd information is not rsadily available, but their food rsquiremsnts would 
undoubtedly amount to a oonsidtrablt quantity* To meet not only thsir basic requirement! but also 
growth requirement!, and for the sooplankton to sustain themselves - though this is not always 
necessary - a mors oonsiderabls amount of nst produotion must bs assumed for ths sooplankton* The 
sooplankton biomass of 250-500 mg/m3, whether sustainable or on ths avsrags under grazing, would 
daily require at Isast 0.61-1.20 gC psr unit watsr column, assuming ths majority pressnt in ths 
uppsr 10Cn depth. Ths "ladder of migration" (VinogradoY 1962) being taken into account, mors 
metabolic requirements must bs assumed. Ths gross primary production, directly measured in summer, 
on ths other hand, is 0.83 gC/m 2 /day on a clear day and 0.66-0.71 gC/m z /day on a cloudy day 
(tsotion 31) Assuming ths same daily rats of respiration as before, ths nst produotion in summer 
is not likely to bs mors than 0.50 gC/m 2 /day. &?** the daily metabolio requirement of ths BOO- 
plankton biomass far exceeds ths daily nst primary produotion. This fact, however, is not so sur- 
prising. Generally, in ths temperate waters the phytoplankton crop is grased down in summer 
(Gushing 1959a, Beinrioh 1962). Thus, ths phytoplankton orop in the Oyashio shows a bimodal season- 
al variation f typical of temperate waters, but the rate of nst primary produotion could bs consider- 
ed to remain fairly high during spring through autumn. Probably vertical mixing to ths greater 
depths ovsr ths suphotio sons in wintsr will result in a low produotion (Svsrdrup 1953). Assuming 
ths phytoplankton produce enough to feed the zooplankton biomass of 50 mg/m^ in winter, then ths 
daily rats of nst primary produotion is calculated to bs 0.12 gC/or. It doss not appsar unreason- 
able. Very roughly, ths daily rats of nst primary produotion throughout ths year is thus estimated 
as 0.40 gC/m 2 . 

Ons of ths features in ths Qyashio is that vertioal mixing in wintsr usually stops at ths depth 
of ths permanent halocline (section 2). Zn othsr words, the nutrient oontsnts in ths layer art 
supposed to indioats ths nutrient oontsnts in wintsr, just bsfors ths phytoplankton bloom in spring. 
Ths surface nutrient contents in summer, on ths othsr hand, ars suppossd to indioatt a balanos of 
aotivs photosynthesis in spring through summer. On these assumptions, greatly simplified here for 
convenience, ths daily rats of nsarly nst produotion was calculated as about 0.22 gC/m 2 at ths 
outskirts of ths Western Subarctic Gyre off Southeast Kamchatka (Sugiura and Toshimura 1964)* Appar- 
ently it is very low compared with othsr independent and direct measurements (JCoblents-Alishks 1965i 
Kawamura 196*3)* Zt seems that ths diffsrsnos oan only bs explained, not by conventional decomposi- 
tion by bacteria, but by some mors rapid internal mechanism, that is 9 rapid regeneration of nutrients 
by sooplankton, wsll sstablishsd as it is today (letchun 1962). In general, in the Qyashio region 
ths spring bloom starts on wintsr replenishment of ths surface water, but ths nutrient being sooner 
or latsr almost exhausted, the primary produotion it considered to continue on until autumn, suppor- 
ted by internal supply* In ths Kuroshio also the primary produotion proossds under almost consis- 
tently dsfioisnt nutrient oontsnts, probably through ths same internal supply. Thsrs is, howtvsr, 
a point to bs considered here. In ths Kuroshio, vertical mixing in wintsr undoubtedly reaches the 
really greater depths by vertioal instability oouplsd with turbulence. In ths Oyashio, on ths 
othsr hand, it proossds downwards beyond ths suphotio laysr but is prevented by ths permanent 
halooline at ths dspths of about 200 m. Ths qusstion is thust how ars ths nutrients brought up 
to ths surface from ths so-called H stors house 11 ? Ths "ladder of migration" of ths dssp ssa coo- 
plankton by Vinogradov (1962) is an interesting observation from ths point of view of how ths 
primary produotion fssds those dtsp ssa sooplankton. However, it seems to fall short of, or to bs 
of little significance as, a mechanism of bringing up ths nutrients from ths store house* 

7*5 Ssa of Japan 

Xors or loss significant features art found in wintsr. Zooplankton biomass in wintsr (December 
to February) in ths upper 200 m remains fairly wsll developed in ths central part, amounting to 
30*500 mg/m 3 (section 32). Unfortunately, no relevant measurements of primary produotion ars 
available, but fairly high standing orops ars observed in February in ths central part (section 3l). 
Assuming that both of them ars sustainably high, the rats of primary produotion could never bs lows 
it mutt mors than balanos out gracing by sooplankton. It appsars to bs very closely rslatsd to ths 
hydrcgraphioal conditions, that it, ths nature of vsrtioal mixing in wintsr. Turbulent vsrtioal 
mixing in ths temperate watsrs probably results in a low level of primary production, but vertioal 
circulation will work differently. In ths Sea of Japan indeed an upwellin* or surface divergence is 
theoretically suggested in ths central part with sinking along ths thslf (Fukuoks 1965). This kind 
of physical proosss appsars to occur as wsll in ths Jforthwest Pacific southeast of Hokkaido in 
winters. Turbulent vsrtioal mixing dus to surface cooling would occur regionally, but ths generally 
low level of ths standing oropt and observed low rats of produotion (Sorokin and Koblsnts-tfishks 1958) 
in wintsr, or mors precisely, bsfors spring bloom nearer to ths coast, in contrast to ths fairly 
high rats of primary produotion, oould not otherwise bs satisfaotorily explained. Ths so-called 
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spring bloom along tht coast probably will not start until tht surface stratification dtvtlops to 
out txttnt. Jo information is available on how tht muoh tarlitr blooming in tht offshort wattrs 
proceeds on into tht so-called spring blooming in tht Sta of Japan. Tat processes apptar to bt 
tomtwhatovtr-timplifitd in tout of the littraturt (Meshoheriakova I960, Htinrioh 1962% Tht question 
it now what fttdt on these looplankton in winttr. A suggestion might bt found in tht unusual 
(aooording to tht author) vtrtioal sooplankton distribution in winttr in tht north (Ztnktvioh 1963). 
Tht highttt oonotntration may bt found in tht upptr 25 m laytr. Tht biomaaa rapidly dtortattt 
within tht 100 to 200 a laytr and thtn dttptr down it btoomta oontidtrably riohtr ( tot ion 3.2). 
It tttmt that thtrt is praotloally no othtr possiblt population than tht Alaska pollack. At a gutss 9 
oonotntrations of tht Alaska pollack in winttr apptar to bt more or Itss rtlattd to this kind of 
hydrographioal condition not only in tht Sta of Japan, but in tht Horthwtst Pacific. 

During tht spring bloom, somt very high ratts of gross production hart bttn obstrvtd in tht 
north (stotion 3.1). Centrally t peak ing, however, tht seasonal variation in tht standing orop 
dots not apptar to bt so great (Ohwada and Qgawa 1966). Tht sooplankton biomass in summtr is hightr 
in tht north than in tht south, but is not so high as in tht Oyasnio, being about ont-third or 
Itss of tht latttr. In tht south, it apptars comparable to tht biomass in tht Kuroshio. Assuming 
tht daily ratt of ntt primary production to bt about two-thirds of tht Oyashio (0.50 gC) for tht 
northtm two-thirds of tht sea and comparable to tht Curoshio (0.20 gC) for ths southern ont-third 
during spring through autumn and, very roughly, 0.60 gC for tht otntral ont-third and comparable 
to tht Qyashio in winttr (0.12 gC) for tht remaining two-thirds in winter, thtn tht avtragt daily 
ratt of ntt primary production throughout tht ytar will bt oaloulattd as followst 

i x (0.50 x | x | -f 0.20 x ^) + | x (0.60 x 1 + 0.12 x |) f 0.20 gC/m 2 

or 10? gC/B 2 /ytar 

In tht Sta of Japan it is obssrvtd that many of tht zooplankton sptoits sink down to muoh grtattr 
depths than usual in tht Pacific (Stotion 3*2). Therefore, it may bt particularly inappropriatt to 
oonsidtr tht sooplankton biomass in tht upptr 100 m dtpth alont. If tht calculation is madt to a 
grtattr dtpth thtn wt must assumt tht primary produotion to bt grtattr. In tht Sta of Japan, howtvtr, 
thtrt is no ptrmantnt dine observed as in tht Qpashio or in tht Sta of Okhotsk. Vertical mixing in 
winttr undoubtedly proottds into tht so-called stort house of tht nutritnt. Thtrt a hightr ratt 
of primary produotion is otrtainly unrtasonablt. Tht problems stem to exist rathtr in variablt 
dtlay, or somttlmts oomplttt dtfioitnoy, of tht populations of appropriate hightr trophic levels. 

Information is most soarot for tht Sta of Okhotsk. First, tht sta is almost all oovtrtd with 
floating lot in winttr, ont of tht outstanding features to bt oonsidtrtd. Tht northtm and tht 
northwtsttrn 44% of tht sta is lot-bound during almost half of tht ytar (estimated from P. TJshakov's 
figure "Mean limit of floe-ice" Fig. 33 5, p. 697,* Ztnktvioh 19*3). This stvtrt climatic condition is 
tvidtntly ont of tht determining factors of organic produotion in tht sta. 

Tht zooplankton biomass in tht southtm part it observed to bt fairly largt in summtr and about 
180 mg/m3 on tht avtragt (about a half of tht Oyashio). Tht phytoplankton crops art ravtratly low 
in tht off short wattrt (Kawarada jit a^. 1966). Tht seasonal variations of both apptar very similar 
to thost in tht Qyashio txotpt in winttr, but tht ratt of primary produotion might wtll bt rtgardtd 
as generally lower than in tht Qyashio. In tht north, tht phytoplankton start to bloom tarlitr 
along tht ooast, as prtviously mtntiontd In relation to herring spawning, and no autumn peak is 
observed. Tht relatively high avtragt biomass In summtr of 300 mg/m-> (Moisttv 1959) indicates 
that tht ratt of primary produotion remains fairly high throughout summtr, on tht ont hand, and 
relative soar city of tht gracing animals of hightr trophic Itvtls, on tht othtr. Htrt again, tht 
importanot of tht ptrmantnt haloollnt must bt emphasized and recommended as a subjtot for further 
biological study. A little differently in tht shallower basin than in tht Qyaehio, it should bt 
more directly rtlattd to tht bent hie productivity also. 

Assuming tht daily ratt of ntt primary produotion to bt comparable to tht Oyashio for tht 
northtm 44% of tht sta during half of tht ytar and a half of tht Qyashio for tht remaining southern 
56jt during three-quarters of tht ytar, thtn tht avtragt daily ratt of ntt primary produotion through- 
out tht ytar is oaloulattd, as btfort, to bt about 0.1? gC/m 2 or about 62 gC/m 2 /yea*. 

Undoubtedly very rough and not at all satisfactory as they art, tht abovt tstimatts of ntt 
primary produotion stem to bt in fair agreement with, for instance, tht overall estimattt given by 
CobltntMfishkt (1965). Possiblt regional difftrtnots also apptar to show up reasonably, but they 
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can all be considered to be within a range of errors. Below is a summary of relevant informations 
Table Tfl - Primary production in lorthweet Pacific compared with present fish catches 



Begion 


Area ( '000 km 2 ) 


*to- 


10 6 tons C/year 


Prnt yild(l) 
( '000 tou) 


Kuroshio 
Qyaahio 


- 


81.4 
146.0 


;} 


2,516 


Sea of Japan 


978 


105.9 


103.6 


1,477 


Sea of Okhotsk 


1,590 


62.1 


98.7 


1,019 



Jote - (1) Including seaweeds t coastal cultures and marine mammals 

Throughout the above t in spite of overwhelming importance 9 the zooplankton production has 
been consistently omitted from the discussions. This is mainly because of even greater scarcity 
of relevant information. Heedless to say, scarcity here is relative to the complexities of the 
problem. To arrive at a satisfactory discussion of sooplankton production, it would no longer 
be possible to proceed as vaguely as in the oase of primary production. Much more information is 
needed on the ecological features of at least the dominant components of the community, such as 
life-span, feeding habits f breeding , growth etc. (Heinrioh 1962). As counter evidence, information 
is also required regarding stomach contents t feeding habits, etc. of the higher trophic levels 
concerned. 

Direct needs for further study on sooplankton, from a fishery biological point of view, 
derive from the important and variable role the sooplankton plays in the possible food web, through 
which the primary production is step by step transformed into the ut ill table commercial yield 
(Steele 1965). Generally there seem to exist no consistently influential factors to change the 
primary production to any great extent, while, on the contrary, fluctuations in fishery yield are 
sometimes so rapid and unexpected that the fishery biologist is quite at a loss. Sardines in the 
vicinity of Japan seem to be one of the good examples in the Vorthwest Pacific. Probably the inter- 
mediate links in the food web would have played an important role in generating apparent consider- 
able changes in fishery yields. 

In considering the problem of organic production, it seems that "ecological efficiency" alone 
has been somewhat emphasised* For greater understanding of its nature, however, a little more 
attention should now be given to the other aspect of the system, regeneration efficiency. In this 
respect, human utilisation has quite a different implication from any natural prey-predator relation- 
ship. Further, "harvesting efficiency 19 is also an aspect which merits consideration. 

These questions may appear to reduce the apparent significance of estimating the primary 
production. Eowever, nothing essential is lost. The primary production is always the sole basis 
of organic production in the sea and, whatever the limitations of its significance, it is one of 
the valuable given characteristics of the region. 

Summarising, the following points can be made* 

(a) In the Northwest Pacific, the demersal fisheries resources have already been Intensively 
exploited, except for the Sea of Gkhotsk. 

(b) Biologically, increases in sustainable yield will be expected for some of the pelagic resour- 
ces, although the increases themselves do not appear great as follows: 

(i) Sea of Japan 

An increase of about 200,000 tons may be expected. The stock assessments indicate that it 
will consist mostly of common squids and possibly saury. The resultant total yield of 1.7 million 
tons appears to be still less than the maximum in the pre-war periods, but possible differences in 
the trophic level of the resources under exploitation would support this estimate as being reason- 
able. 
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(11) Sea of Okhotsk 

The estimate of the primary production roughly indicate* that the eea oould produce, ae a 
whole, an amount comparable to the Sea of Japan. On this assumption, an increase of about 600,000 
tons would be expected. The increase includes about 200,000 to 300,000 tons of Alaska pollack. 
The information available leaves some doubts as to how efficiently such quantities oould be 
harvested. The remaining 300,000 to 400,000 tons probably consist of a variety of marine resources, 
including shellfish, as one of the ecological features of the fauna in the Northwest Pacific. Such 
resouroes, composed of localized small units, do not appear to be suitable for highly concentrated 
investment. Thus, here again, rapid exploitation would not be anticipated. Undoubtedly, however, 
this is the least exploited area in the Northwest Pacific and is worthy of further investigation. 

(ill) Northwest Pacific 

A sustainable increase can be expected in the Cyashio and in the mixed regions. Recruitment 
in common mackerel is increasing. It is difficult to be precise, but a rough estimate of 100,000 
to 200,000 tons increase would be reasonable. The fisheries are exploiting only a fraction 
of the vast distribution of saury and skipjack resources in the North Pacific. The problem to be 
solved is why the respective fisheries fcave not yet extended offshore in front of such possibilities. 
Therefore, as an immediate target, it would seem reasonable to double the present yield. The yield 
of Alaska pollack has already almost doubled during these last few years. Consequently, it would 
seem difficult to realise a further 100,000 tons increase. To sum up, about 500,000 to 600,000 
tons of increase oould be expected in the Northwest Pacific. 

(iv) Other fisheries 

Salmon is in different circumstances from those resouroes mentioned above. Recently the yield 
appears to have been stable, but at a low level of reproduction. Biologically it does not seem 
unreasonable to assume the maximum productivity to be about twice that of recent yields. It would 
probably be a hard task for the countries concerned to restore productivity to suoh a level as was 
enjoyed in the pre-war period, although it oould be done; their main responsibility would be to 
themselves and not to the world at large. I personally feel that the first step would be to find 
a more reasonably equitable basis for regulation. Anchovies and sand launoes are now very abundant 
marine resources* However, demands are the limiting factors of further exploitation. Therefore, 
there may not be much increase in yield in the Immediate future, though the potential is probably 
rather greater than the present catch. 

(o) A considerable number of marine living resouroes have already been more or less intensively 
exploited in the Northwest Pacific, especially In the vicinity of Japan and it seems very 
difficult to find unexploited marine resources worthy of concentrated investment. 

(d) The estimates of sustainable increase in yield, irrespective of feasibility, are summarized 
as follows ('000 tons) i 

Table 8 - Estimated potential fish catches in Northwest Pacific 







Sea of Japan 


Sea of Okhotsk 


NW Pacific 


Whole region 


Pelagic (b) 


present catch 


1,027 


626 


1,536 


3,189 




increase 


+ 200 


+ 250 


+ 550 


+ 1,000 








, 




(+ 350)(a) 


Demersal 


present catch 


320 


278 


613 


1,211 




increase 








(+ 200)( a ) 


Other fishes present catch 


130 


115 


367 


612 




increase 
(not specified 




+ 350 






- KflAl potenl 
(rounded^ 


fcial 


1,700 


1,600 


3,100 


7,000 | 



Notes (a) No estimate of breakdown into area 
(b) Includes Alaska pollack and squid 
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8. FUHTHKE STUDIBS AID BS5PIHMKHTS 

1 major difficulty in producing realiatio oatimatoa of the potential ia the abeenoe of 
comprehensive atatiatioal data. Partly thia ia beoauae information available in different national 
atatiatioal offioea ia not immediately compatible, e.g. different areaa are used and no central 
organisation ia reaponaible for bringing the national atatiatioa together, and partly beoauat acme 
of the infoznation y o*g* regional breakdown and effort data, ia not available eren in national 
offioea* i prime neoeaaity for improved aaaeaament ia therefore the preparation of better regional 
atatiatioa* 

With such atatiatioa it ia likely that improved assessments, along axiating linee, could be 
made for aeveral atooka, especially thoae fiahed by aeveral countries. 

It alao seems that a better understanding of the potential of the area could be achieved by 
farther study of the interaction between species, and particularly between the various pelagic 
apeoiea around Japan* 
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1. TOPOGRAPHY 

As defined here, the region covers the area north of 42N and east of 175B, tnd inoludes the 
Chukohi Sea. Following Alverson (1968), the region south of the Bering Strait can be divided into a 
Transition Area (south of Cape Spencer), the Gulf of Alaska and the eastern Bering Sea. 

The continental shelf off Oregon and Washington is rather narrow (some 40-50 km out to the 200 m 
oontour). It is also narrow outside Vancouver and Queen Charlotte Islands, but there are more extensive 
areas of shelf between Queen Charlotte Islands and the mainland. North and west of Cape Spencer, the 
shelf widens to up to 100 km off Kodiak Island, but narrows again westward of Unimak Pass. The Transi- 
tion and Gulf of Alaska regions have mountainous coasts, with a number of islands end long inlets. The 
eastern Bering Sea and the Chukohi Sea have wide areas of relatively shallow water. 

Approximate areas of shelf are as follows (adapted from Alverson et al. 1964, Table 97) in km 2 : 
Table 1 - Areas of continental shelf in the Northeast Pacific 



Area 


Depth (fm) 


Total (0-300 fa; 
0-550 m) 


1-50 50-100 100-300 


Oregon - Washington 


12,400 12,700 9i600 


34,700 


British Columbia - Southeast Alaska 


33,700 37,100 33,000 


103,700 


Gulf of Alaska 


31,900 68,300 25,400 


125,700 


Alaska Peninsula 


49,800 30,900 16,500 


97,200 


Southeast Bering Sea 


251,400 60,400 10,600 


322,500 


Northeast Bering Sea (a) 


(300,000) (75,000) (30,000) 


(400,000) 


TOTAL 


680,000 285,000 125,000 


1,090,000 



Note - (a) Area of Bering Sea east of 175&, excluded from Alverson 1 s Table 97 
2. HSTDROORAPBY 

A review of the oceanography of the sub-arctic Pacific, north of 40 lat. and including the Bering 
Sea is given ty Dodimead et al. (1963). They have described the principal features of the water struc- 
ture, the currents, their seasonal and annual variability. They identified five principal domains, 
based on temperature, salinity and How characteristics; a transitional domain, extending between about 
40-45N lat. in the Central Pacific, and widening to 35-50N near the American coast; a central sub- 
arctic domain, which inoludes the Alaskan gyre; a western sub- arctic domain extending eastward from 
Japan, and north into the Bering Sea; a coastal domain, extending outward from the coast; and the 
Alaskan Stream domain, lying immediately south of the Aleutian Islands. 

South of the Aleutian Islands, the main current systems are the westward flowing Alaskan Stream 
and the eastward flowing waters south of the Alaskan gyre. The latter divide on nearing the American 
ooast at about 50N. Part moves southward to form the California Current, and the remainder moves 
northward into the Gulf of Alaska, returning westward in the Alaskan Stream. Favorite (1965) suggests 
that the Stream continues as far westward as 170E long, where it divides sending one branch northward 
into the Bering Sea and one southwestward to rejoin the eastward-flowing waters. 

The flow into the Bering Sea at 170B long, moves eastward along the northern side of the Aleutian 
Islands, establishing a general oyolonio circulation over the deep basin. In the eastern part, cyclonic 
and anti-cyclonic eddies are created as the current turns northward adjacent to the continental shelf. 
In the northern part, the current divides, sending one branch northward toward the Bering Strait, and 
the other southwestward along the shores of Kamchatka, and eventually discharges back into the North 
Paoifio Ocean. Further information on the hydrography cf the Bering Sea can be found in a report ty 
Natarov (1963)* 
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3. PRDUHT PRODUCTION 

Koblcns-lfishke ( 1965) has summarised, the available data on primary production in the Pacific Ocean. 
A band of high production (over 230 agC/nF/day, or 100 gG/o?/yoar) extends along the lorth African 
coast to the tip of the Alaskan Peninsula, and along the Aleutian Island chain including much of the 
offshore area of the Oolf of Alaska* The open oceanic part of the lorth Pacific (north of oa 40H) in 
alto noticeably BOX* productive ($0*100 gC/n^/year) than the tropical and sub-tropical areas. Theee 
figures, bated partly on oarbon-14 measurements, should be increased to allow for the systematic under- 
estimates in the early observations using this nothod (Goldman 1968). 

Within the sons of high annual production, the daily production varies greatly j with the start of 
the spring outburst varying between February and April (Parsons et al. 1966) being earliest in the 
coastal areas. Studies off Washington and Oregon (Anderson 1964T~an3 off British Columbia suggest that 
taken over the year the production in the latter area is rather higher. Very high values (200-400 gC/ 
sr/year) have been found in Puget Sound (Anderson). A complication is that both off the Washington 
coast sad at Weather Station P in the open ocean (50I, 145W) the annual productivity iinoo 1962 or 
1963 has tended to decrease, being now about half the value in the early 1960s (Banse personal oomaunioa- 
tion). The reason for this is not clear, but this trend, and the lack of wide seasonal and area coverage, 
makes any statement about annual production, and its detailed spatial variations within ths generally 
highly productive band along the coast, rather uncertain. 

Taking an average of 150 gC/m /rear for the coastal strip, within the 500 m contour, gives a total 
annual primary production of 54 x 10* tons C/year in this part of the Transition and Oulf of Alaska 



In the Bering Sea, Asona (1964) using ths oxygen-depletion method, and Ivanenkov (1961) found 
extremely high production (over 600 gC/mvyear) in the south-eastern part, but production is less in 
other parts. 

4. SBCOHDAHT PRODUCTION 

As in all areas, nearly all observations of sooplankton and benthos are of standing crop, rather 
than annual production. A summary for the whole Pacific has been given by Reid (1962). 

In the Bering Sea, oopepods make up 70-90)1 of the total sooplankton (Nednikov 1960) and the produc- 
tion, as wet weight, has been estimated as 115 ^"Vy*** - about twice the value in the Barents Sea, 
and in the Northwest Pacific southeast of Kamchatka. The standing crop is rather higher in the western 
part (1.5-2.5 g/m*, Vinogradov 1956), than in the southeast (0.1-0.5 a/At Meshoheriskova 1964). 

In the Vorth Pacific, south of the Aleutians, total sooplankton in the oceanic region of the sub- 
arctic water mass has been found to vary from a few milligrams (wet weight) up to several hundred 
milligrams/BH in depth profiles of 150 m. The seasonal average for sooplankton volumes at Weather 
Station P (50I, 145W) varies from a low of oa 20 mg/m 3 in winter to a high of 160 mg/m* in summer 
(McAllister 1961). These values have been found to change considerably! however, over a period of 
several years, so that less then half the quantities given above may be encountered in some years. 
In coastal areas, maximum sooplanton quantities of 400 and up to 1,000 mg/m 3 have been found during 
the summer. In composition, approximately 75)1 of the looplankton biomass at all times of ths year 
has been found to consist of oopepods, with the remainder being made up predominantly of ohaetognaths, 
amphipodg and euphasiidg. 

Secondary production has been calculated to vary between oa 5 *&A 20 gC/m /year and on the average 
to be equivalent to 20 of the oceanic primary production. 

Benthos 

Quantitative studies of benthos in the area are rather few with the exception of Russian surveys 
(Semenov 1964, feimsn 1963, Shevtsov 1964) md concentrated in rather limited areas (Shelford et al. 1?35| 
Sllis 1967, 1967 ; Lie 1968, 1968 a). Vorth American benthos research has been exploratory, fo~example 
early collecting expeditions such as those of the Albatross, and more recent work ty the US Bureau of 
Commercial Fisheries. Karly and recent dredging operations by the Fisheries Board of Canada are still 
in the process of being evaluated. Detailed studies in Puget Sound have recently been extended to the 
Strait of Juan ds Fuoa, and the waters off northern Washington (Lie 1968, 1968 a). These show that the 
standing crop is highest in Puget Sound (3-54 g/m 2 ash free dry weight ), compared with 1.92 g/m 2 off- 
shore. The primary production is also lower offshore. A decrease in the Puget Sound standing crop 
between 1964 nd 1967 night possibly be associated with decreases in primary production in the forth- 
east Pacific in the same period. 
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Along the southern Sid* of the Alaska Peninsula and the eastern Aleutians, ShevtsovJ 1964) found 
tbt standing orop to bo mainly between 10-50 g/m 2 wet weight, with locally up to 500 g/m 2 and an average 
value of 150 g/nf in the western part, and 70 g/m 2 in the northeaet. In the Bering Sea, somewhat similar 
densities were found in the southern part Just north of the Aleutians. The standing orop was much lower 
in the extreme south-eastern part (in Bristol Bay) (mostly less than 10 g/m 2 ), but higher towards the 
northern part of the shelf (over 1,000 g/n>2) (Niemann1964). However, the proportion of the benthos use- 
ful for fish food was less in the north than in the southeast Bering Sea; also the lower temperatures 
make it probable that the rate of turnover is slower, so that the high figures of standing orop in the 
north aay badly over-estimate the actual annual production of benthos fish food. 

Noiseev (1964) (Table E2) estimated total benthos standing crop on the shelf areas of the North 
Pacific as follows, distinguishing between total benthos, and benthos suitable for fish food* 

Tabls E2 - Standing crops of benthos in the North Pacific 





Sea of 

Japan 


Sea of 

Okhotsk 


Bering 
Sea 


Gulf of 
Alaska (a) 


Total benthos (million tons) 


24 


210 


250 


60 


Pood benthos (b) (million tons) 


10 


26 


11 


33 



Notes - (a) Includes much of the Alaska Peninsula and British Columbia - Southeast Alaska areas of 
Table E1 of this report 

(b) Excluding benthos on those parts of the Sea of Okhotsk and Bering Sea too oold for large 
bent hi o fish populations 

A striking feature of this table is the very high proportion of the standing orop in the Bering 
Sea which is not suitable for fish food, so that the useful standing orop in the Oulf of Alaska is 
some three times that in the Bering Sea, approximately the reverse of the ratio of total standing orop. 
Since the temperatures in the Oulf of Alaska are rather higher, it is likely that the rate of turnover 
is also higher, so that the ratios of annual production are still more favourable to the Oulf of Alaska. 
The rate of turnover is not well known. Neimann( 1964) gives information on the age-composition of 
some bivalve molluscs in the south-eastern Bering Sea; these range up to 7 years old. Young animals 
seem to be under-represented in his data, and allowing for a higher mortality among these small molluscs, 
the mean duration of life might be around 2 years so that the standing orop is twice the annual produc- 
tion. 

5. THE FISH AND FISHERIES 

5.1 Statistics 

The statistical data are generally reliable, and fairly complete. Some details of species break- 
down and area fished are not generally available for the operations of some long-range factory ships. 

However, no single publication gives in an easily available form statistics for all species and 
all countries fishing in the area. The International North Pacific Fisheries Commission (INPFC) issues 
an annual statistical yearbook which gives the salmon catches by the member countries (Canada, Japan, 
and USA) in detail, and also data on the herring, halibut and king crab fisheries, and on the Japanese 
bottom fishing in the Bering Sea and Oulf of Alaska, though these are not expressed in a standard form, 
e.g. the weight used is sometimes live weight, eometimes gutted weight, or even product weight (oases 
of salmon). The metric system is only partially adopted. More detailed halibut data are available 
from the International Pacific Halibut Commission (IPHC). Details of the other coastal fisheries of 
USA and Canada are available in national statistics. 

A summary of recent catch statistics is given in Appendix Table E1. 

5.2 The fisheries 

The major long-established fisheries are those for halibut and salmon, though cod have probably 
been exploited for a longer period, first ty a line fishery existing at the end of the last century, 
but more recently by trawl. The halibut fishery, using longlines, startsd around 1890, and quite soon 
had seriously depleted the stocks, first in the south, and later in the north and west (Thompson 1950). 
Sinoe 1932 the catches have been controlled by the IPBC and lately catches have been around 60-70 million 
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pounds dressed weight ( 30- 35 000 metric tons live weight). In 1961/3 BOOM 8,000 tone annually were 
taken in the Baring Sea by Japanese and other vesaels, but fishing in the aouth-eaetern Bering Sea haa 
ainoe been severely restricted tgr INPPC (a tri-partito ooomission involving Canada, Japan and USA). 

Salmon have long been exploited along the coasts by a wide variety of gears - traps, gillnets, 
seines, lines, etc. ~ and there is a long history of national and state regulation of the ooastal 
fishery. The pink and sookeye salmon of the Fraser River are managed internationally by the Interna- 
tional Pacific Saloon Commission. A more recent development is the Japanese fishery for salmon on the 
high seast using drift nets and longlines. Under treaty arrangements (INPFC) this is restricted to 
waters west of 175W. Japanese catches at present amount to about half the combined Canadian and US 
catches. 

The demersal fish (excluding halibut) have been exploited on a small scale off southern Alaska, 
British Columbia and Washington-Oregon ty Canadian and US trawlers and liners. The species caught 
and area fished have varied (Larkin and Ricker 1964). Though there has been a steady increase in 
recent years, the total is still not high (30,000 tons ty Canada and approaching 50,000 tons ty US/I 
(Ketohen 1967). Since the middle 1950s, fleets from Japan, and since 1959 from USSR - factory trawlers, 
and trawlers and Danish seiners with mother ships - have begun intensive exploitation of the demersal 
stocks, first in the Bering Sea, and then in the Oulf of Alaska and further south. In the early years 
flatfish were the main species caught (mainly y allow fin sole - ca 550,000 tons in 1961), but later 
attention has switched to ocean perch (nearly 500,000 tons in 1965), and Alaska pollock (over 500,000 
tons in 196?, and substantially higher in 1968). 

A locally intense fishery, from Oregon to British Columbia, for dogfish (peak 67,000 tons in 1944) 
was carried out for livers during the early 1940s, but collapsed when the market failed around 1949* 
Initially longlines were used, but the peak landings were taken by trawl and sunken gillnet. 

The main pelagic species exploited has been the herring. The Canadian and US ooastal fisheries 
have been in operation since early in the century (Tester 1935 Ketchen 1968). Several of the stocks 
in the area round Vancouver Island are heavily exploited and catch quotas have been applied as a 
management measure ( INPPC 1961). The total US catch has tended to decrease since the 1940s; the 
Canadian oatoh increased to a peak of 260,000 tons in 1963, and decreased since. 

Herring are now alao exploited ty Japanese fleets, using gillnets, in the Bering Sea (34?000 tons 
in 1966) and also by Russian vessels. 

The Pacific sardine, which has its main centre of distribution further south, was also exploited 
in the southern parts of the present region during the peak years of its fishery, but even off California 
catches are now very small (Murphy 1966). 

Important fisheries for king crab and shrimps have developed in the Bering Sea, and around Alaaka; 
these and other crustacean resources and also mollusoan and oceanic resources are discussed in separate 
reports in this series. 

5*3 Stock assessment 

Assessments of halibut, salmon and herring stocks have been made along the traditional lines. 
Estimates of demersal stocks generally have been made from the results of extensive exploratory surveys. 
The studies of the Pacific halibut were among the earliest assessments of any major marine stock 
(Thompson 1950). Later studies (Chapman et al. 1962, Southward 1968) have modified the conclusions 
in detail, but it is quits clear that the potential yield from the stocks outside the Bering Sea is 
of the order of 30 million pounds dressed weight, heads off (oa 18,000 tons), round fresh weight in 
area 2 (Transition Area), and about the same in area 3 (Gulf of Alaska). The state of the Bering Sea 
stocks and the relation of them to the stocks in the Oulf of Alaska is not so clear, but they are 
clearly small, perhaps at most one or two thousand tons, and easily depleted, so that the total halibut 
potential of the Northeast Pacific is in the vicinity of 40,000 tons. 

Salmon 

The salmon stocks have also been intensively studied (see especially INPPC 1962, 1962 a)* While there 
are differences in views between Japanese and US scientists, these differences mainly concern the 
balance between the oceanic and ooastal fisheries. There is no doubt that the stocks are close to 
being fully exploited, though the yield might, on one of the various hypotheses, be marginally increased 
V fishing at what is believed to be the optimum time (on the high seas, or along the coast). The 
important factor affeotiag the total yield is the number of young going to sea, t*ioh in turn is 
determined lay the number of spawners, and the conditions in the rivers. It is probable that the 
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conditions in the sea for fading, etc. are sufficient to support a greater production of the number 
of young leaving the rivers, though since salmon are active predators, and henoe well advanced in the 
food chain, the quarter of a million tone estimated below may be an appreciable part of the potential 
that could be achieved even with an unlimited supply of young. 

The production of young, and henoe total catch, could be increased, perhaps greatly, V positive 
steps taken in freshwater (improvement of spawning streams, clearing of obstructions between the sea 
and spawning sites, increased hatchery production). These will not be considered in the present review, 
which will only be concerned with increases that might be achieved ty more rational harvesting, of the 
production from the existing freshwater situation. 

It is believed that the present catches of salmon of North American origin (including catches ty 
Japan) are only a few percent above the combined US and Canadian catches. Catching along this coast 
rather than ty gill net ting on the high seas is believed (by US and Canadian scientists) to give some 
slight increase in catch. A bigger increase could be achieved if catches from each stock wsre adjusted 
to give the optimum spawning escapement. 

Altogether it is probable that the potential catches, given the present situation in freshwater, 
might be some 25# above the present combined North American catch. Using the average catches of 
1962/7 gives the following estimates: 

Chinook (0. tshawytsoha) 22,500 tone 

Chum (0. keta) 35 t 000 

Cobo (0. kisutoh) 35,000 

Pink (0. gorbusoha) 100,000 

Sookeye (0. nerka) 60,000 

Total ca 250,000 

This figure, a quarter of a million tons, makes a nice round figure as a rough estimate, though the 
total North American catch fluctuated around a rather higher level of around 350,000 tone between 1920 
and 1940 before declining quite sharply between 1940 and 1960 (Ketchen 1968). 

Herring 

The state of the stocks off British Columbia and southern Alaska has been critically reviewed by 
1NPFC(1961). The several stocks off British Columbia are certainly heavily fished. At the time of 
the study, it appeared that increased fishing could give a small increase in yield per recruit, but 
recruitment might be affected if the adult stock were further reduced, i.e. the potential was probably 
not much different from the average annual catches of 200,000 tons taken at that time. Since then, 
Canadian catches reached a peak of 250,000 tons in 1963, and decreased steadily to 53,000 tons in 1967. 
A moratorium was put into effect in the British Columbia winter fisheries for the 1967/8 and 1968/9 
seasons* A recruitment failure following a period of heavy fishing has been a feature of other olupeoid 
stocks (California sardinee, southern North Sea herring), and it may be that the true potential is 
rather less than 200,000 tons. 

The herring in the Gulf of Alaska was, as concluded ty INPPC, not fully exploited, and was in 
1959 removed from the abstention provisions of the Convention. Since 1959 both USSR and Japan have 
taken substantial catches of herring from waters round Alaska, but these have been taken in the Bering 
Sea and almost certainly from different stocks from those in the Gulf of Alaska. Japanese catches 
quickly reached a peak of over 70,000 tons in 1961, and have since declined, but it is not known 
whether this decrease was due to a reduction in the stocks. Dudnik and Usol 1 teev ( 1964) showed that 
two good year-classes (1956 and 1957) were in the fishery in 1961. 

Other demersal fish 

Some of the minor coastal stocks have been examined. Ketohen and Forrester ( 1966 ) have made a 
oarefUl study of the petrale sole (Eopsetta jordani), one of the more valuable species of flatfish 
exploited ty Canadian and US trawlers. They concluded that the stock was about fully exploited, with 
perhaps 10-15J& increase possible through good management. Actual catches vary due to year-class 
fluctuation. Potential, off Oregon, Washington and British Columbia, is probably around 3 f OOO tons. 
Some of the large demersal fisheries operated ty Japan and USSR have been in existence long enough 
to suppose that preliminary assessments oould be carried out. 
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Table E3 - Estimated original standing stocks (in OOO metric ton*) of ton major demersal species 
(from Alvorson 1968) 



Speoies 


Transition 


Golf of Alaska 


Borinf Soa 


Yollowfin sole 


- 


7 


1,820 


Rook solo 


27 


105 


1,110 


Arrowtooth flounder 


160 


395 


180 


Flathead sole 


- 


130 


180 


Dover solo 


110 


70 


5 


Paoifio Oooan poroh 


780 


350 


140 


Pacific hako 


680 


- 





Alaska pollock 


55 


120 


1,360 


Paoifio ood 


40 


70 


130 


Spiny dogfish 


410 


20 


- 



A major difficulty it that there have boon big changes in tho species sought (too Appendix Tables), 
first flounders (poak oatoh in 1961) and lator oooan psroh (poak in 1965) and Alaska pollock (psak in 
1967) . Catches of othsr loss important (by weight) spooios havo also roaohod a poak and decline, e.g. 
sablsfish rsaohod a psak in 1962* Tho simplo oatoh psr unit of fort for any ons spooiss will, there- 
fore, bs a poor msasttrs of its abundance, without moro information on tho objootivss of ths fishery, 
prsoiss arsa fishtd, etc. However, a simplo examination of ths history of ths Japansss fishsry in 
ths Bsring Ssa (Appendix Tablo E2) strongly suggssts that ths floundor stocks (mainly Limanda aspsra) 
havs bssn severely af footsd by fishing, that ths high oatohss in 1960/2 cams from ths fisting oat of 
an aooumulatsd stook (psrhaps of ths ordsr 1-1. 5 million tons) and that tho potsntial long-term avsrago 
annual oatoh is of ths ordsr of ths oatohss in ths mors rsosnt ysars (psrhaps 50-150,000 tons). 

54 Fishsry survsys 

Ths Northeast Paoifio is probably unique for ths extensive survsys of dsmsrsal rssouross, which 
havs taksn plaos bsfors intsnss exploitation startod (Noisssv 1964, Alvsrson st al. 1964 f Eit's 
and Eathjsn 1965, Alvsrson 1968). Tbsss havs provided sstimatss of tho etan<Cng""stook of ths main 
dsmsrsal stocks. Rough sstimatss of ths potsntial yisld havs bssn obtained 1? Alvsrson ( 1968) by 
multiplying ths unfishsd stook ly 0.1 or 0.2 (with exceptions for soms spsoiss). Glsarly tho rslation 
between initial stook and potsntial yisld will dspsnd on ths avorags lifsspan - tho aooumulatsd unfishsd 
stook bsing rslativsly grsatsr whsn tho lifsspan is long. Soms allowanos for tho average lifsspan might 
bs obtained whsn an sstimats is available of ths natural mortality, N (-total mortality in an unexploited 
took) by oxprsssing ths potsntial as 0.5 x M x unsxploitsd standing stook. Catohss in ths initial 
period of exploitation might be rather greater than this. 

A number of estimatss of natural mortality are available, though thess by no mesns cover all the 
stocks in ths area. For halibut, Chapman et al. (1962) believed that a value of 0.15-0.20 best fitted 
the data. For other flatfish estimates of"T5.Tfor pstrals sole (Kotohcn and Forrestsr 1966), 0.4 for 
rook sole (Forrestsr and Thomson 1969) and 0.3 for English sole (Forrester and Ketohen 1963) Except 
for the halibut, all these are for stocks off British Columbia. There is some suggestion that for a 
given spsoiss, natural mortality is lowsr in colder water (Taylor 195&) The data for yellowfia sole 
in the Bering Sea given by Fadeev ( 1963) do not permit an sxplioit sstimats of mortality, but ths high 
average age (around 9 ysars) would suggsst a fairly low mortality. As a first approximation, therefor*, 
the natural mortality of flounders (except halibut) will be taken as 0.3 in the Transition Area and 
Qulf of Alaska, and 0.2 in the Bering Sea. 

Age compositions of rockflsh (S. alutus) have been given by Alverson and Wsstrhsim (1961), for 
the grounds off southern Alaska to Washington, and by Oritssnko ( 1963) for the eastern Bsring Sea. 
These give survival rates of 68 and 75# respectively, corresponding to mortality coefficients cf 0.39 
and 0.29 These are probably over-estimates for the mortality ever the whole population, since they 
would imply survival rates from 2 years old (i.e. after the period of high initial mortality) to 11 
and 14 years of only 2jt, whereas these ages (11 and 14 yosrs) are the most frequent in the omtohee. 
A range of possible mortality rates will, therefore, be ussd 0.3-0..4 in the south areas, and 0.2-0.3 
in the Bering Sea. 
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/ . u ^,N * nfttttral mortality ara 0.2 for lingood (Chetwin 1958), and 0.9 for Pacific ood 
(Ketohen 1964). Tha lattar seems very high in oompari.cn with other apeoiea in tha area, and with the 
closely related ood in the Atlantic (natural mortality around 0.2-0.3). Tha high value may be due to 
the way in which tha fiahary sample, tha fiahary, but at tha same time the data on whioh the estimate 
ia baaed (age composition of commercial sample, and tagging) are rather batter than for moat apeoiea 
in the proaent area, or for ood in many part a of tha Atlantic. For tha praaent, 0.9 ia the estimate 
for the Transition Area, but a rathar lowar valua of 0.6 will ba taken for the Bering Sea, Age composi- 
tion data of aablafiah (Anoplopoma fimbria) (Shubnikov 1963) suggests a survival rate of rather better 
than 5* par year (total mortality coefficient <0.7) between 5 and 9 yaara, but some of thia may ba due 
to fishing. It seems that natural mortality of round fiah (gadoids, etc.) in the area may ba rathar 
greater than that of flatfish; accordingly a valua of 0.4 will be used for Alaska pollock and hake. 

If the natural mortality for the various damaraal stocks it in the range 0.2-0.5, tha formula 
above gives a range of potential annual catches of 0.5 x 0.2-0.5 x 0.5 or 0.1<0.25 x the unexploited 
atook - almost exactly tha range uaed V Alvaraon. 

Tha unexploitcd standing stocks of tha main demersal apaoiaa, aa given by Alveraon (1968), are 
ahown in Tabla S3. (Although tha araa in tha Bering Sea oonaidared ty Alveraon ia considerably leaa 
than the total area of the Bering Sea reviewed in the present report, the additional areas are mainly 
in tha unproductive northern part of the Baring Sea). 

From Table 13, and tha values of natural mortality obtained above, the estimates of potential yield 
given in Table E4 can ba derived. For halibut, tha potential ia taken from existing assessments. In 

addition to the ten apeoiea given in detail in Tablea E3 and E4, a large number of other demersal 
apeoiea ooour in the region, and their distribution it described in detail \QT Alveraon et al. (1964). 
Moat of theae are relatively uncommon and in total make up a vary few percent of the totalTrawl 
oatohea. Tha moat important ara tha macrurida, whioh occur in deep water out to greater daptha 
(1,150 fm) in recent surveys off tha Columbia River (Alveraon 1968), and the aablefiah or blaokood 
(Anoplopoma fimbria) , whioh ia extensively exploited ty a variety of gears. Ho precise aaaeaament 
of theae atooka will ba attempted here; thay might add parhapa 10-20 to the figurea in Table E4 more 
in tha Transition Area than in the Baring Saa. 

Tabla 84 also contains data concerning tha actual oatohaa observed during aome recent yeara. For 
some apeoiea, e.g. dogfish and yallowfin aole, tha peak oatohea have exceeded tha estimates of potential 
sustained yield and the subsequent history of theae fisheries confirms that tha peak oatohaa oould not 
ba sustained and that the estimates of sustainable yield in the table are not unrealistic. A slightly 
Iow4r figure - 200-250,000 tona - haa been suggested ty Neimann ( 1963) for tha total Bering Sea flounder 
potential. 

For the yallowfin sole, the changes in tha fiahary provide a ohaok on estimates of standing stock, 
and potential annual yield. Tha oatohea (Appendix Tabla E2), after reaching a peak of 450,000 tons in 
1961, dropped slightly to 350,000 tona in 1962, and than collapsed to 65,000 tona in 1963* It ia 
reasonable to suppose that tha atook abundance at the and of 1963 waa only a fraction of tha un fished 
abundance (say leaa than a quarter). The total catch up to tha and of 1963 waa 1.4 million tona; ainoa 
there will have been some nat addition to tha atook ty growth and recruitment, less natural mortality, 
tha initial atook, if in fact it had been reduced ly 75frt *at have been leaa than 1.4/75 * 1*87 million 
tona. (Tha actual valua uaad of tha reduction - .75 or .85 ato. - ia not vary critical.) 

A closer estimate can ba obtained by making acme correction for the net addition to tha atook. 
Prior to 1960 the removals were email, ao that the population waa not greatly reduced from ita initial 
abundance, and tha net addition would ba small. In 1961/3 tha net addition would have bean larger, but 
no more than the sustainable yield - auppoaa 100-200,000 tona par year. Than the nat reduction of the 
atook ty the end of 1963 would have been 1.4 million tona minus 0.3-0.6 million tona, i.e. 1.1-0.8 million 
tona, giving estimates of standing atook of 1.47-1*07 million tona.* 

Thaae figurea are in fair agreemant with Alveraon'a aatimata of biomaaa, and might ba expected to 
be a little lowar, since if there are separate atooka in the Bering Sea with little interobanga, the 
above calculation axoluda thoae that are not axploitad. Howavar, tha lowaat aatimata 11.07 million 
tona) eeema rathar low in oompariaon with Alveraon'a figuree, aapaoially aa these, with the procedure 
uaed are unlikely to ba over-eatimatea. (Thay would ba under-eetimatea to tha extent that fiah eaoape 
f rom thTiwrtn of the trawl.) Thia auggaata that the figure of a nat natural addition to the atook of 
oTmillion tona in 1961/3 of 0.6 million tona waa too high. In 1963 at leaat the net natural addition 
muat have been not very different from ita maximum value. 
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Table B4 - Potential annual yields from the major demersal stocks (in '000 metric tone) 



Species Assumed N( a) 


Potential 


Peak: catch 


1967 

Catch 


Transition Oulf of Alaska Berin* Sea Total(b) 


Weight Tear 


Yellowfin sole 0.2-0.3 


1 180 181 


550 1961 


178 


Rook sole 0.2-0.3 


4 15 110 129 


8 1964 


8(e) 


Arrowtooth flounder 0.2-0.3 


25 60 20 105 


39 1964 


I8(e) 


Flatbead sole 0.2-0.3 


20 20 40 


11 1964 


5(*) 


Dover sole 0.2-0.3 


15 10 0.5 25 


9 1963 


4(e) 


Halibut 0.2 


18 18 2 38 




44 


TOTAL, specified 
flatfish 


62 124 332 51fi 






Paoifio Ooean perch 0.2-0.4 


117-156 50-70 14-21 214 


470 1965 


267 


Pacific hake(o) 


150-270 - - 210 


148(d) 1967 


148 


Alaska pollock 0.4 


10 25 275 310 


ca700 1968 


554 


Paoifio ood 0.6-0.9 


18 30 40 88 


43(d) 1967 


43 


Spiny dogfish 


20-30 1 - 26 


67 1944 




TOTAL, specified 
species 


460 240 665 1,36< 







Motes - (a) Assumed rate depends on area considered, being lower in the Bering Sea than in other two 
regions 

Central value taken when range is given for potential in individual areas 



(b) 
(c) 
(d) 
(e) 



Estimate from Alverson ( 1968) based on unpublished US and USSR studies 
1968 figures not available 
Catch in 1967 



A lower bound to the potential yield is provided Jay the events of 1965/7, during which Japanese 
catches of all species of flounders increased from 42,000 to 89,000 tons (though this was a period in 
which the fleets were concentrating on Alaska pollock), and in 1967 USSR vessels took 120,000 tons. 
This suggests that the net natural additions to the population in 1965 and 1966 were appreciably greater 
than the catches in these years (41,000 on 67,000 tons). Together these limits define fairly closely 
the potential yield of yellowfin sole as around 150-200,000 tons. 

Somewhat similar calculations can in part be made for the ocean perch fishery, when the total 
catches have declined from the peak of nearly half a million tons in 1965* Accumulated catches to the 
end of 1967 were about 1.75 million tons. Even allowing for some net natural additions, this suggests 
that the figure of 1.67 million tons for the original standing stock, given in Table E3, is rather low - 
though probably not very much too low, since the removals must have been a good substantial proportion 
of the original stock. 

The Alaska pollock fishery has not yet developed so far, and preliminary figures for 1968 show 
that catches up till then had been continuing to expand rapidly. The 1968 total (700,000 tons) does 
suggest that the estimates of standing stock may be too low. This may well be so, in view of the 
techniques used. The Alaska pollock is not so strictly a bottom living fish as, say, the yellowfin 
flounder, so that in the trawl surveys a proportion of the population may have escaped the net ty 
passing over the top. The present data are not sufficient to make any quantitative correction for 
this, and the unconnected figures are used in this study, with the reservation that they are likely 
to be under-estimates. 
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+ +4, 0f * <to flil1 fiBh ry i th* 1940. was in part due to market reasons (alternatives 
to the oil from liver), but the .took had \y then been greatly reduced; this and evid.no. from other 

**!** i < 1% U 5"!^*? lnd rt P roduotiv Potential of the dogfish, strongly suggest that the 
potential yield of dogfish (and possibly also other elasmobranohs) is an exceptionally low proportion 
of the unfished standing stock. The main demersal surveys have not extended into the Chukchi Sea, but 
some surveys have been done in the area (Alverson and Wilimovsky 196?). These show that the demersal 
stoofcs are much more sparse than south of the Bering Strait and consist mainly of small sised fish 
(mainly under 20 cm). The average oat oh per hour fishing was only about 2 kg, compared with oa 500 kg 
in the Washington trawl fishery. 

The Russian surveys included observations on herring (Dudnik and Usol'tsev 1964) which appear to 
be widespread in the Bering Sea, probably split into at least two groups, spawning along the American 
and Asian coasts. The catches were good (up to 20 tons from one haul), and the potential is probably 
large. 

Wide-ranging fishery operations in the surface waters in the open ocean have been carried out as 
part of the research on salmon (e.g. Powell and Peterson 1957, Hartt 19ft) and albaoore tuna (Powell 
et si. 1952). The gears used included purse-seines and gill nets. Besides the species of major 
interest, other species were caught, in particular pomfret (Brama japonioa) occurred frequently (Hits 
and French 1965). These catches suggest that pomfret form a considerable unutilised resource. The 
purse-seine used, with a length of 400 fm (ca 800 m) covered an area of about 10" 8 times the area of 
the North P*oi*io investigated. Pomfret were most common in the late summer (August-September) when 
about 15-20> of the ssts caught pomfret, with an average catch per set of around two fish. This would 
suggest a standing stock of 2 z 10 d fish, assuming all the fish were in the surface layer sampled ty 
the seine. An average weight of 1 kg would imply a standing stock of 200,000 tons and a potential of 
perhaps 20-40,000 tons. It is possible that this is biassed, since the seines were not pursed immediately 
after being set, but were held open in the direction in which the salmon were moving. 

Other evidence of potential resources 

The extensive trawl surveys mentioned above suggest that there are no substantial resources vul- 
nerable to the normal bottom trawl not already discussed* The substantial crustacean and molluscan 
resources (king and tanner crab, shrimp, etc.) are being reviewed in a separate report. The resources 
excluded from the survey are, therefore, the pelagic fish - sardine, herring, oapelin (or smelt), sand- 
eels, etc. - including squid and the demersal resources in depths greater than 600 m. Quantities of 
sardine used to be taken in the region, as a northern extension of the large Californian fishery, but 
since the collapse of that fishery (Murphy 1966) the potential under present conditions of this area 
seems extremely small. The sardine appears to have been replaced by the anchovy} mid-water trawls off 
Oregon and Washington have taken up to 9 tons per hour (Alverson 1968). Jack mackerel and Pacific 
mackerel are other pelagic species exploited south of the area, but which probably also occur in the 
area. Sinoe at least for jack mackerel the main spawning area is to the south, off California (tCaoOregor 
1966), the potential of these stocks will be considered in the chapter reviewing that area. The tuna 
resources are also being reviewed separately, on a world wide basis. 

The other pelagic fish presently exploited is the herring. The stocks off British Columbia 
to be fully used, but there are extensive stocks off Alaska, extending into the Bering Sea as noted 
above, and even into the Chukchi Sea (Alverson and Wilimovsky 196? ). In the Transition Area, off Oregon 
and Washington, concentrations of Pacific saury have been found by US and Soviet scientists; it is wide- 
spread and abundant in the offshore waters of the Northeast Pacific. The potential of saury is discussed 
more fully in the section on the Eastern Central Pacific. Probably the resources in the Northeast Pacific 
are of the same magnitude as those in the Northwest Pacific, where some hundreds of thousands of tons are 
taken annually. 

Further north, stocks of sandeels (Ammodytes) and smelt (capelinUMallotus villosus) are known to 
exist from incidental catches (usually in not very suitable gear), stomach contents of larger fish and 
seale, and occurrence of eggs or larvae. None of this information is in a quantitative form* 

Eggs and larvae 

The surveys of fish eggs and larvae in the Bering Sea in the late summer of 1958 and the spring of 
1959 have been summarised ty Musienko (1963). The most abundant species were yellowfin sole, with large 
spawning concentrations south of Nunivak Island, and pollock with spawning concentrations along the shelf 
west and south of the Pribilofs. Capelin larvae were also widespread in the south-eastern Bering Sea. 
Ammodytes larvae were also present, but not in very large quantities, and this species, at present only 
valuable for fish meal, does not form a commercially valuable resource so far north. 
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A rather aztanaiva (300 mi x 340 mi) agg and larva* survey waa conducted ty tha Bureau of Commercial 
Fisheries Laboratory at Seattle off Washington and Oregon during April 1967. Tha raaulta of thia survey 
ara aa followa (H.A. Larkins paraonal communication). 

1. Oanua Sabaatodaa (rookfiah) moat abundant throufhout tha survey araa. 

2. Saoond most abundant were tha tyotophidaa (lanternfiahes) which wera found beyond tha oontintn- 
tal ahalf. 

3* Third moat abundant wara apaoiaa of flat flab found primarily ovsr tha continental ahalf. 
6. SUNNART AND DISCUSSIONS 

6.1 Eatimataa of potential 

Tha aatimataa of tha demersal potantiala in tha diffarent araaa, taking tha oantra of tha rangaa 
in Tabla 14 and adding 10-20J& to allow for othar apaoiaa, ara givan in Tabla EQ. Tha figuraa for poten- 
tial par unit araa ara alightly lower than thoaa for tha North Atlantic, where tha aatimatad potential 
demeraal yielda par ha vary from 70-60 kg off Iceland and Waat Greenland, to 15-22 kg/ha in tha North 
Saa and off Newfoundland, with intermediate indioaa of 30-50 kg off Now England, Labrador and Faroes. 

Estimates for pelagic apaoiaa ara much laaa firm azoapt for salmon, which ara a major element of 
tha pelagic fauna of tha open North Paoifio. For tha amallar ahoaling palagio fiah, tha only raaaonabla 
eetimate la tha figure of around 200,000 tone for tha Britiah Columbia barring. In thia araa (roughly 
from Capo Flattery to tha northern tip of tha Queen Charlotte lalanda) barring ara probably tha major 
pelagio resource. Poeeibly tha other apaoiaa (Ammodytes, etc.) would contribute half aa much, i.a. a 
total of 300,000 tone off a length of ooaat of oa 770 km. If tha aama ratio (400 tone par km) appliad 
to tha entire offahora araa from tha Oregon-California border to tha tip of tha Aleutian Chain, tha 
total palagio potential would be, in very round figuraa, 400 z 4,000 1.6 million tona - it ia probably 
raaaonabla to aaauma that tha potential of thaaa apaoiaa ia laaa a function of extent of ahalf than of 
length of coastline. Approximately equal quantities might occur in tha Transition Araa and in tha Gulf 
of Alaska. 

Further aztrapolation to tha Baring Saa would be unjustified in view of tha very different physical 
conditions in tha araa. Tha nearest to quantitative information on tha palagio resources ara tha agg 
and larval data, which suggest that tha standing stock of damaraal fiah ia considerably larger than 
that of palagio fiah. Possibly tha natural mortality of tha latter ia tha higher, which would make tha 
potential annual yialda mora equal. A round figure for tha potential (probably mostly barring and 
oapalin) which ia not unreasonable ia 0.5 million tona. Thaaa aatimataa, and approximate guesses, are 
givan in Tabla E5 below. 

Tabla B5 - Summary of tha potential oatohes from tha Northeast Paoifio (in '000 metric tona) 



Region 


Transition 


Oulf of Alaska 


Baring Saa 


Total 


Potential 










Demersal (a) 


570 


260 


730 


1,460 


Shoaling pelagio (barring, oapalin, 


saury, ato.) (800) 


(aoo) 


(500) 


(2,100) 


Salmon 








250 


Deep damaraal (maorurida) 








100 


Squid 








(x100) 


Hyotophids 








(z100) 


Shelf araa ('000 km 2 ) 


140 


220 


400 




Damaraal potential (kg/ha) 


40 


13 


16 





Note - (a) Adding 10-2091 to figuraa in Table E4 to allow for species not included in tha lattar table. 
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Alec indicated in tho table are tht squid and myotophids, both of which probably form important 
resources, probably, as indicated, of tht order of hundreds of thousands of tons. The demersal estimates 
only cover the depths of water sampled ty Alverson'e main trawl surveys, i.e. out to 300 fa (oa 600 m). 
Substantial oatohes have boon taken at rather greater depths, particularly satis fish (though these may 
migrate into shallower water), and maorurids (Heyamoto and Alton 1965, Alverson 1968, Novikov 1965). 
IB Tiew of the moderately deep (between 300 and 2,000 a) bottom west of Washington and British Columbia, 
these resources might in total bo largo. Moiseev (1969, Table 100) gave an estimate of 100.000 tons 
of macrurids and others as the possible additional catch from the shelf and slope areas of the North 
Pacific (oast and west). This seams rather low; a figure of 100,000 tons ia shown in Table B5 as a 
rough sstimate for the Northeast Pacific. 

Those estimates oan bo roughly compared with the estimates of primary and secondary production. 
For this, three regions oan bo considered separately - the Boring Sea, the coastal atrip of the Gulf 
of Alaaka and transition sones, and the open ooaanio area of tho North Pacific. 

la the Baring Sea, the important part of tho food chain seeas to be through tho benthos and tho 
demeraal fish. From Tabla E2, and assuming, as stated in that section, that tho standing orop ia twice 
tho annual production, tho annual production of all benthos is about 125 Billion tons, of which 5.5 
million tons ia food benthos. Probably this ratio over-estimates tho proportion of tha primary produc- 
tion that goes into non-food benthos, ainoa the animals concerned ( at ar fishes, sponges, oto.) contain 
a large amount of non-organic material. In comparison with tho 5.5 million tons of fish food, the 
0.7 Billion tona of harvoatablo demersal fish production seeas a little high, on tht basis of a 
ratio of food production to fish production and noting that not all of tha fish product ion oan bo 
harvested. The benthos production would be more in agreement with a potential of 0.3-0.4 Billion 
tona, though tha precision of tho estimates of both benthos production and fiah potential, ia auch 
that tha discrepancy ia not serious, a.g. it would bo easily removed if some of tha non-food benthos 
could in fact bo eaten tgr fifth, or if tho ratio of standing oropi annual production waa loaa than 2i1. 

In tha coastal atrip (out to 500 m) along tho Gulf of Alaaka and the Transition Area, tho primary 
production waa estimated to be, equivalent to a carbon fixation of 54 z 10 6 tona. At a 10Jt transfer rate, 
this la equivalent to 5.4 z 10C tona of herbivoroa, and 0.54 z 10C, or 5*4 z 10* tona wot weight of 
first stage carnivores. If most of these are fiah (demersal or shoaling pelagic), and half tho produc- 
tion oan be harvested, tha agreement is remarkable .with the estimated potential of 2*55 z 10 tone. The 
agreement ia almost oertainly fortuitiousj tho fact that some of tho potential ia based on primary 
production further offshore than 500 m being balanced ty the fact that not all the carnivores are fiah, 
and that many of tha fiah concerned are to some extent secondary carnivores. 

In tho open ocean tha primary and secondary production have been estimated aa 50*100 and 5-20 gC/m / 
year respectively. In round figures the area of the North Pacific east of 180, and north or*42N ia 
5 z 10 6 km 2 . This implies total primary and eeoondary production as 250-500, and 25-100 x 10 6 tonsC/year 
respectively. Thoao figuraa are in fair agreement, given a transfer efficiency of 10-20. If tha produc- 
tion of first stage carnivores is 15# of sooplankton production, and carbon is 1Qj of wot weight, this 
gives a total annual carnivore production of 40-150 z 10 tons, say 100 z 10 tona. These, in tho open 
ocean, are mainly small fiah andsuphausids. The commercial species, mainly salmon, are at loaat second 
stage oarnivorea, whose annual production, at 10 efficiency, is estimated as 10 million tona. Again, 
suppoaing half of this might bo harvest able, this suggests a potential of 5 million tona - of unspecified 
second stage predators, which are not necessarily economically harvestable animals. This figure may be 
compared with tho estimate of 0.25 Billion tons of salmon under present conditions, and earlier harvest 
of up to 0.4 million tons. Since salmon are not tho only predator in the open ocean, and may lia in 
part even further along the food chain, the figures are not inconsistent. 

6*2 Requirements for improved estimates 

Though the fisheries in the region are carried out almost exclusively (a small fishery tp the 
Republic of Korea has begun) ty developed countries with good statistical systems, the atatiatioa of 
the region are not available in a simple form. Future etudiee of the present kind would be greatly 
eaaed if a regional statistical bulletin existed, giving the total oatoh by all countries, with accounts 
and consistent regional breakdown. 

The large trawling fisheries, especially for yellowfin sole, and for rookfishee have now been in 
existence long enough for aero detailed and accurate assessments to be Bade of the effeot of fishing 
on this stock. The present eetimates of the demersal potential are baaed almost entirely on data of 
standing atooka. Changes in these, estimates from research surveys, or otherwise, and changes in the 
age and aise composition of the stock should be more carefully examined. 

The estimates of pelagic resources are leaa accurate, and could be improved ty direct estimation 
of standing stock, e.g. from acoustic surveys, or ezsaination of available egg and larval data. 
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INTRODUCTION 

The oceanography and fishery reeouroes of this area have boon discussed at two international 
yinpoaia - at Abidjan In October 1966, dealing with the tropical Atlantic, and at Tenerife in March 
1968, dealing with the area between Dakar and the Strait of Gibraltar. The proceeding* of theee 
meetingst and the papere presented at them, give information of the resources of the region in groat 
detail, and have been extensively uaed in preparing thia sumary raview. 

1. TOPOGRAPHY 

As defined hero, the region oovere the eaatern Atlantic from the latitude of the Strait of Gibraltar 
<36H) to the mouth of the Congo(6S). 

Per fishery purposes the joint ICES/ACMRR Working Party (ACMRR(PAO) 1968) suggested that the region 
fall* into two major diviaionas a northern, tub-tropical region, between 20 and 36V, and a tropical 
region. Kaon of theae oould be further divided for atatietioal and other purpose as followas 

A. lorthern (eub-tropioal) area 

1. Morocco Coastal diviaion lying between 36 and 26N lat. v eaet of 13% long, and a rhumb 
line from 29K lat. f 13W long, until 26<>H lat., 16W long. 

2. Canaries/Madeira Insular diviaion, comprising the rest of old (ICES) "Xb" and old "Xla" 
I western border along 20W long.). 

3* Sahara Coastal diviaion lying between 26 and 20H lat. and east of 20% long. 
4* An "oceanic* division lying between 36 and 20ff lat. and 40 and 20W long. 

B. Southern (tropical) area 

1. A Cape Verde Coastal division lying oast of 20% long, and between 20 and 10I lat. 

2. A Cape Verde Insular division lying between 20 and 10I lat. and between 30 and 20% 
long. 

3. A Cape Sherbro division lying between 20 and 8% long, and between 10N lat. and the 
Equator. 

4. A Weetern Gulf of Guinea division lying between 8W long, and 3E long., north of the 
Equator. 

5. A Central Gulf of Guinea division lying east of 3E long., north of the Equator. 

6. A Southern Gulf of Guinea division lying east of 3S long.* and between the Equator and 
6S lat. 

7. An oceanic division, not yet sub-divided, covering all the waters of the Eastern Central 
Atlantic, south of 20H lat., not covered by preceding six coastal divisions, i.e. the 
waters lying (a) between 20 and 5** lat. and between 30 and 40% long.) (b) between 
10H lat. and the Equator and between 20 and 30W long.; and (o) between the Equator 
and 63 lat. and between 20W long, and 10S long. 

The extent of the continental shelves in the coastal divisions, down to about 200 m have been 
estimated in Table F1. For the southern area (south of 10V) the total agrees well with the area - 
230,000 km 5 between 12H and Angola - given ty Williams ( 19$) t of which approximately half was less 
than $0 m deep, and half between $0 and 200 m. 

la addition, there are small areas of shallower water round the groups of oceanic islands (Madeira, 
Canary Islands, Cape Verde Islands, Annabon, Sao Torn!). 

In general the West African Shelf is narrow, normally less than 2O-30 mi, except off Bio Jr pro 
(about 24l) r off Horthern Mauritania (20H) and from Dakar (160H) to Freetown, Sierra Leone (80l) 
where the shelf is up to about 100 mi wide. 
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Table F1 - Shelf areas of the Eastern Central Atlantic, within the 200 m contour 



Division 


Length 


Breadth 

*) 


Area 

n.mi 2 km 2 


Morocco Coastal 36N - 26N 


760 


15-50 


19,000 


65,000 


Sahara Coastal 26N - 20N 


380 


30-80 


19,000 


65,000 


C. Verde Coastal 20N - 10N 


650 


20 -100 


33,000 


110,000 


C. Sherbro Coastal 10N - 3W 


530 


15 -100 


20,000 


70,000 


W. Oulf of Guinea 8W - 3E 


690 


10 - 40 


15,000 


50,000 


C. Gulf of Cuinea 3E - Equator 


670 


15-50 


19,000 


65,000 


3. Oulf of Guinea Equator - 63 


450 


30 - 45 


16,000 


55,000 


TOTAL 




480,000 
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The bottom of the shallow parti of the shelf off Morocco and Rio de Oro in difficult to trawl 
because of canyon, and hard ground with corals, but there are some stretches of land. The deeper parte 
(100*150 ) carry often eoft sediments particularly on Arfuin Bank (20H). In the Archipelago of Cape 
Verde Islands* rooky grounds prevail. Patohes of sand are rare. 

In the tropical region south of Dakar and in the Oulf of Guinea more mud is found and the shelf 
beoones rather smooth. The coastline is aore indented and lagoons are found all along the ooast from 
Ivory Coast to Nigeria* 



Charts of the bottom suitable for fishing use have been prepared for the area off Dahomey and 
Togo (Crosnier and Berret 1966) 9 off Cameroun (Crosnier 1964) end off Gabon. Detailed maps 
of the bottom topography and of the sediments have been produced ty various sources (Losano 1943) 
Oollignon 19651 Naurin 1962) Miller 1960$ Postel 1950; Ritshsupt 1965; Benin 19651 Navarre and 
Lossno 1950, 1950a). 

2. HYDROGRAPHY 

2.1 The major surface current systems of the area have been described \jy many authors (e.g. 
Sohott 1942). Off northwest Africa, the cool Canary Current Hows southward, and then bends west* 
ward and merges with the North Equatorial Current. Similar in the south, the Benguela Current 
flows north off southwest Africa, and then westward into the South Bojiiatorial Current. Between 
these major systems the Equatorial Count ercurrent, and its continuation, the Guinea Current, now 
eastward into the Oulf of Guinea. More recently the Equatorial Undercurrent flowing strongly eastward 
below the eastward Hewing Equatorial Currents have been shown to be important (e.g. Neumann 1960, 
Voigt 1961, Rinkel 1969, Ponomaronko et al. 196?). A coastal ocuntercurrent flowing westward under 
the Guinea Current off the Ivory CoasThas been described ty Lomasson and Rsbert ( 1966). 

2.2 The Canary and Benguela Currents narrow the tropical sone off west Africa. Maximum monthly 
temperatures of more then 2?C are only found in the area between Dakar and North Angola. In the 
sub-tropical area minimum temperatures range between 15C (Cape Spartel) and 20C (Cape Verde) and 
maximum temperatures between 21 and 27C in the same places. Seasonal changes in temperatures do not 
exceed 5-7 in the subtropical areas, except in areas of strong upwelling, though changes of more 
than 8 occur in parts of the tropical areas. 

Surface salinity is generally high in the sub-tropical region (>36%o) out lower and seasonally 
fluctuating along the tropical coasts. There are two major areas of seasonally reduced alinity - in 
the Bights of Benin and Biafra, and off the coasts of Sierra Uone and Guinea. Part of this rodaood 
salinity is due to the influence of large rivers, and part directly to heavy rainfall. 

* ,*'L. fh * ***** part of *** * htlf *** li ) * loir th * *a*line and is exposed to water temperatures 
of 13-16*0. Only in the narrow equatorial region do wtcr temperatures in 100 m depth reach 18-1?C. 
Therefore, in large parts of the tropical sone, a thin layer of tropical literal and surface water 
species is found lying ooastward and above the sub-tropical fauna which occupies the deeper, cool 
parts of the shelf. 
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2.4 Tht thermoolino it wll developed in the tropical part of the area. Above the thtimoclint 
water tempcraturce art 3*50| btlow the thormoolino tcmptraturoe >190. Tht upper Halt of the thtrmo- 
oline ie 20-35 over moat of the region, but in much ehallower (>12-14 ) in Senegal-Liberia. At in 
oat tropical rogiona, the thomoolino generally inolinee downward, offehorc. 

The hydrographio feature of major important* to the baeio productivity of the region, and hence 
to tha fieheriee, ia tha cxtcneivc araaa of upwolling. Off tha northweet ooaat of Africa, there ia 
upwolling (in MJM parts of tha Canary Currant) throughout tha yaar, though tba location and extent 
variaa etaeonelly, ao that tha af fact ia of a aariaa of rathar aaaaonal and local upwellingv. Thcee 
extend from aouth of Dakar (in tha northarn winter), to hayond tha northern limit of tha ragion in tha 
tummcr. Thara art alao etaeonal upwalling aroaa in tha Oulf of Ouinta (Barrit 1961, 1962) | Guahing 
( 1969) diatinguiahaa four parta of tha ganaral northarn upwalling ragion (plua a fifth outaida tha 
ragion oonaidarad hare) with geographical paranatara aa followas 

Region Saaaon Lengthtkn) Wldth(ka) Arta ( 10 3 km 2 ) 

Caaablanoa - Canariaa JJASO 1,000 150 1JO 

Canariaa - Oap Blano AXJJAS 1,020 300 306* 

Cap Blano - Dakar ONDJFMA 700 150 105 

Dakar - Freetown ONDJF 600 50 40 

3. PRIMART PRODUCTION 

3* 1 Tht main artaa of primary production art tht ooattal upwelling areaa, and the oceanic area 
along tht Equator. Tht production in tach arta varitt aeaaonally in acoordanoe with the etaecnal 
variationa in upwelling, bat at tht ptak, production ia very high, up to $.2 gC/m^/day off Dakar, and 
2.7 gC/oryday off Takoradi. Outaide tht ptak productive aeaaon, the production ia low (0.2-0.4 fC/* 2 / 
day in the above areaa) (Beaaonov and Fedorov 1965, Sorokin and Klaiehtovin 1961, Corcoran and Mahnken 
1969, Vielaen and Jenaen 1959 1 Furneatin 1968, Wiktor 1968). Off Abidjan, Dandonntau obetrved an 
inoreaat in primary production during tht rainy etaeon ( July-Augutt) juat before the upwelling period, 
probably due to nutriente being waahtd in from the land. Beoauee of theae marked aeaaonal and area 
differencea, and the relatively email number of obeervationa, it ia difficult to make tttimattt of the 
total annual primary production in the whole rtgion purely from direct obaervationa of primary produc- 
tion. Cuahing ( 1969) haa eatiaated the total production in eome of the upwelling artaa defined above 
taking into account the hydrographio data on the duration and in t entity of upwelling aa followe, in 
10 6 tone C per year. 

Caaablanca - Canariea ? 

Oanariea - Cap Blanc ? 

Cap Blano - Dakar 12.19 

Dakar - Freetown ' 3.48 

3.2 Meaeuremente of the thiokneaa of the euphotio acne have been publiahed *y Kellen (1969)* It 
waa of about 30-40 m on parta of the ahelf between Sierra Leone and Ghana, but >100 m in open ocean 
ttatione in the central Oulf of Ouinea and off Cape Verde lalanda. 

4. SBCOHDAK PRODUCTION (ZOOPLAHKTON AND BENTHOS) 

The occurrence of high aooplankton etanding etoek followa quite oloeely that of the upwelling 
areaa and main artaa of primary production. Outaide theee areaa, , the etanding crop ia rather low, 
e.g. no more than 20 rng/rn 5 in the open Atlantic (Oreae et al. 1969), 'but in the upwelling areaa tht 
etanding crop can be high, e.g. an average volume of 35 03/100 m<>, preeumably equivalent to about 
350 mgJwet weight (Kinaer 196^). Year-to-year variationa in plankton abundance off Ghana have been 
related to ohangee in the extent and duration of upwelling (Man tab 1969). In the inehoro watera of . 
Sierra Leone, Bainbridge (i960) found etanding oropa aa high aa thoee in Long leland Sound (35 eo/100 m j ). 
A general review of the plankton in the northern part of the region, including etanding crop and apeoiea 
competition ia given V Furntttin (1968). 

All theae obeervationa are of etanding crop. There are not the data preaently available to convert 
theae into eatiamtea of production. It aeeme reaaonable to euppoee that in theae relatively warm watera 
the rate of turn-over ia quite high, to that the moderately high valuea for etanding crop imply high 
valuea of annual production, though it would bt difficult to put thia in quantitative teraa. 
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The MM remarks apply to the benthos, when the limited number of observations have been on 
trading crop, and no explicit estiaates of production have been made. 

Benthos bioaass has bean measured ty Longhuret ( 1958, 1959) in sons detail for the region off 
Gambia to Sierra Leone (13 to 6H). There ia a general deoreaae in abundance with increasing depth* 
Off Senegal figurea range froa 74 g/a 2 for the 0-20 M/aono. 27*5 / in 20-40 a and 11.3 ay* 2 in 
40-60 a* Further south, figurea are much lower (10-20 g/m 2 in 0-20 a) t but the decreaae of abundanoe 
with inoreaaing depth ia laaa pronounced. There ia alao a relation to the kind of bottom sediment, a 
moderate amount of ailt giving the highest indioaa of benthoa abundanoe. In the upwelling area off 
Ghana, Buchanan ( 1958) found up to 540 g/a 2 in sandy ailt. Direct compariaon of thia figure with thoaa 
of Longhurat should be made with care, due to difference a in aampling gear, weighing techniques, types 
of organiaaa, ato. No quantitative data on benthoa abundanoe in the northern area are available. 

5* THE FISH 

5.1 Statistics 

Recent statistics, aa available to PAO, are auaaariaed in Appendix Tablea F1 and F2, and have been 
publiahed separately in more detail (FAO 1968). Theae atatiatioa are subject to two main aouroea of 
error. For the long-distance fisheries, the total oat oh landed ty the veaaela of each country will be 
reasonably accurately known. What ia often not known are the proportion of the catch not landed, 
including rejected fish of low-valued aie or apeoies, and the reduction in weight between catching and 
landing, e.g. due to gutting or other processing. More important ia the fact that the area of capture 
may not be known, even roughly, ao that aome of the catches taken ty long-range veaaela actually taken 
in the preaent region may not be recorded aa coming froa the region. For example, Spanish statistics 
record oatchea according to the ooaatal area in which the port of landing liea. Thue, reported Spanish 
statistics for this region will inolude catchea landed in the Canary Islands, but not the oatchea 
landed in Vigo and other European ports ty Spanish trawlers fishing off northwest Africa. There may 
alao be aome confusion in the statistics concerning the increasing quantities of fish which are trane- 
ahipped ty the lonfr-distanoe fishing vessels at soae of the local ports, e.g. Las Pal mas, or are landed 
for local oonaumpticn at these ports lay foreign vessels. Such landinga may appear ia the atatiatioa 
of the country of landing, or the flag country of the fishing vessel, or neither or both. 

For the coastal fisheries, the problem is to determine the total catch. Where fishing is done ty 
moderately large vessels, or the catch landed at big aarkets, there is little problem, but landings ty 
subsistence fishermen at acre or less isolated places along a long coast cannot be accurately recorded. 

For theae reaaone, the statistics presented here should be treated with soae reserve, especially 
as regarda the total for some ooaatal fiaheriea, and the area and species breakdown for the long- 
die tanca fiahery. In particular aome of the trends in national oatohea may reflect no acre than changes 
or iaproveaenta in the collection of atatistioa. However, it ia believed that the figures for the moat 
recent yeara give a reasonably reliable eatimate of the total catch from the region, Tt aee /Jstvedt (1969)* 

5-2 The fiahariea 

The fiaheriea have been reviewed in detail by an ICES/ACMRR Working Party, meeting in Tenerife 
in April 1968 (ACMRR( FAO) 1968). The following sections are largely drawn from their conclusions. 

In the northern area, from the Strait of Gibraltar to Dakar, the oatohea were, in 1966, about 
1 million tone. Thia total waa taken ty a number of quite separate fiaheriea, for different species 
by different countries. The estimated oatohea in the major fiaheriea were aa follows: 

small pelagic fish - 280,000 tone - principally aardine landed in Morocco, but alao email 
quantities of Sardinella app. landed in Senegal, and eleewbere. 

medium pelagic fiah - 100,000 tone - principally horae-maokerel (Traohurua spp.), bluefiahea 

(Temnodon sal tat or) and mackerels (Scomber spp.), mostly caught tgr trawlers 
from USSR and other East European oountriea. 

large pelagic fiah - 140,000 tone - thia total inoludea all tunas caught in the Eastern Central 
Atlantic, not all of which were caught in the northern part. In this total, 
the major apeoiea were albaoore (25,000 tons), yellowfin (66,000 tons), and 
bluefin tuna (10,000 tons), the last being the moat important in the ooaatal 
fiaheriea of northwest Africa. 
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large demersal fish 300,000 tons - mainly a variety of sparids, breams, etc., taken ty trawlers 
from southern and eastern European countries, but including also 20,000 tons 
of hake. 

Cephalopoda - 150,000 tons - these are taken mainly ty Spanish and Japanese vessels, and 

include squid, cuttlefish and octopus. 

other molluscs, - 4,000 tons - there ie no major fishery, though because of the high unit 

crustaceans value the French fishery for lobsters and similar epeoiee ie not insignificant. 

In the southern area (Dakar to the Congo), the available evidence suggests that the demersal fish 
in the sons as a whole do not make long-range migrations along the coastline, but mainly move towards 
or away from the shoreline. For practical purpoeee, therefore, each exploited area of the shelf oan 
be considered as a separate stock. These areas are separated from one another ty intervening shelf 
areas where little fishing takes place because the adjacent country has not developed its fishery and 
the shelf is not rich or wide enough to attract vessels from more distant areas. The areas were 
distinguished in the 1968 working group report as follows: 



Major demersal fishing areas 

Bissagos, Guinea, Sierra Leone 

Ivory Coast and Ghana 

Nigeria 

Cape Lopes to Congo Brazzaville 



Areas with little fishing 
(separating the major fishing areas) 

Liberia 

Togo and Dahomey 

Cameroun to Cape Lopes 



though larger vessels from the adjoining areas are tending to move into the lightly fished sectors. 

Of the major demersal fishing grounds, the best are in areas of upwelling and of these the Bissagos 
ground has the largest biomass, because the continental shelf is particularly wide (200 km). Further- 
more, and on a smaller scale, river mouths usually provide rich trawling grounds where large sised fish 
(soiaenidae, polynemidae, ariidae, skates) are caught. The beet example of this is the mouth of the 
Congo River* 

The richest prawn grounds ( Penaeus duorarua) are in the vicinity off large river mouths or lagoon 
entrances to the sea, e.g. southern Senegal, eastern Ivory Coast, Nigeria. Spanish trawlers have 
recently developed deep-water fishing for shrimp off Mauritania, Senegal, Congo and northern Angola. 

The pelagic inshore fisheries are based mainly on bonga (Ethmalosa fimbriata) and Sardinella* 
The presence of Sardinella spp. seems to be correlated with the presence of upwelling. gardlneUa 
spp. are known to be abundant off Senegal, Ivory Coaet and Ghana, Gabon and the Congo, and in 
northern Angola. 

A number of general accounts of the fisheries of the region have been published including, on the 
northern pelagic fisheries, Furnestin (1943, 1950), Postel (1955) Furnestin and Furnestin (1968). On 
the northern demersal fisheries, there are many other papers describing the results of exploratory 
voyages, listed in Naurin and Adalbert (1968), Thomasi (1946), Belloo (1933), Letaoonnoux (1959), 
Lozano (1943), Ritshaupt (1962), von Brandt (1968), Maurin (1954), Domaneveky (1968), Monteiro and 
Lima Mas (1968); on the oephalopods, Bonnet (1968), Klimaj (1968); and on the tropical fisheries. 
Rossignol (1955)f Longhurst (1961, 1963), Steven (I945)t Irvine (1947), Poinsard (1969), jfctvedt (1969), 
Ansa-Emnin (1968). 

5*3 Stook assessment 

Several authors have shown that in some localities the inshore tropical demersal fish have been 
heavily exploited, and no great increase in oatoh oan be expected (Longhurst 1963. 1965; Bayaebona 1965: 
Poinsard 1969). "Over-fishing" has also been suggested in the most northern part of the areaoff 
Morocco (Collignon 1968). The ICBS/ACMRR Working Party concluded that in the northern area following 
the rapid increase in fishing Up long distance trawlers, the hakes and the sparids were heavily fished, 
end estimated potential yields with the present pattern of fishing, as 20-25,000 tons, and 150,000 tons 
respectively. Some increase in yields would be achieved by using a larger mesh sise. Both groups. 
especially the .sparids, include a number of different speoiee, so that while some species or populations 
are clearly too heavily fished, others may be etill quite lightly fished, and if appropriate management 
could be applied to each stook separately - larger mesh sise and somewhat less fishing effort for the 
heavily fished stocks, but increased fishing on some other stocks - the potential catches might be 
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appreciably higher, perhaps 30,000 tons of hake, and 200-250,000 tons of aparida. 

lo assessments have bean made of the pelagic resources (other than tuna) of which now* atoeka are 
heavily exploited (FAO 1968) , or of the cephalopoda, though the Working Party found no evidence that 
any of theae Mere fully axploited. 

54 Other estimates of potantlalt fishing aurvaya 



In the aouthem part of the region, 
the Ouinean Trawling Survey (OTS) (Willi 



an extenaive aurvey of the demersal reeouroee waa carried out 
1968). Thi a,, extending fro* Senegal to the Congo and out 

to 400-600 m dapth t showed that there were appreciable demersal reecuroee outiide the heavily flahed 
areaa notod In the previoua aeotion. A aubatantial proportion of the oatohea were of palagio apaoiaa 
( Iliahai aardinella. Parang, Peoapterus. and Traohurue) , which are not aanplad effectively or oonaiatently 
with a bottom trawl, and only tna more truly damaraal apaoiaa are considered bora. Braohy dent ems. 
though a damaraal apaoiaa, ooours not infrequently wall off the bottom, and say also have been un3ar~ 
stiaated in the surveys. These species are hare considered together, though there are large regional, 
depth, and seasonal differences in apaoioa composition which are discussed in detail by Williams ( 1966, 
196$and Longhurst (1966). Durand (196?) has also dusoussed in detail the changes along a fixed transect. 

The OTS area waa divided into 13 statistical areas, each 200 n.mi (370 lot) long, and the summaries 
of the average oatohea in these areas, for the depth ranges 15-50 a and 50-200 a, are given in Table F2. 
Also given in the table are the areaa (in km 2 ) of each statistical region, and the oatiaatad densities 
(kg/ha) and standing crop (tons) (from Williams, Tables 2, 3, 4 and 5). The lattar two were estimated 
on the assumption that the trawl caught everything in ita path, ignoring the effect (in different 
directions) of the escape of fish from the path of the net, and the shepherding by the bridles. 

Table F2 - Estimates of standing atook of demersal fish from data of the Ouinean Trawling Survey ( OTS) 



Statistical 


Area ('000 km 2 ) 


Catoh/hour(kg) 


Density (kg/ha) 


Standing atook ('000 tons) 


area 


15-50 50-200 m 


15-200 a 


15-50 a 50-200 a 


15-50 a 50-200 a Total 


1 


24,900 12,200 


1,065 


97 75 


261 98 359 


2 


33,400 9,300 


519 


43 37 


155 37 192 


3 


4,300 7,600 


315 


18 28 


8 23 31 


4 


3,400 7,300 


146 


9 13 


3 10 13 


5 


3,300 4,800 


231 


20 19 


7 10 17 


6 


3.200 5,600 


335 


22 34 


8 20 28 


7 


7,700 9,700 


292 


21 26 


19 27 45 


8 


4,800 3,900 


269 


16 23 


9 10 19 


9 


9,200 5t900 


234 


21 16 


21 10 31 


10 


7,200 9,900 


225 


18 17 


14 18 32 


11 


6,000 7,900 


301 


17 26 


11 22 33 


12 


8,000 12,000 


291 


24 29 


20 37 57 


13 


9,500 12,400 


512 


41 43 


42 57 99 


TOTAL 125,000 108,500 - 577 379 956 



Many other trawl aurvaya of a greater or leaaar extent have been made in the area, by both research 
and exploratory vessels (Salaan 1957} Poatal 1949, Bonnet 1968, JCarnicki 1968, Basnieweki 1968, 
von Brandt 1968, IQimaJ 1968, Tixtrant 1968, Domanevsky 1968). Noat of these observations ware not 
arranged in any systematic way, and the exploratory vessels particularly may have fished in the most 
promising localities in each area. Their catches, therefore, cannot easily be used to provide estimates 
of the mean abundance, though they do show the general distribution of fish, and the position of the 
rioher fiahing grounds. 

Mora aymtaamtio surveys were made off Cameroun tor Crosnier ( 1964), off Dahomey and Togo ty Crosnier 
and Berret (1966), and off ligeria 1* Longhurst ( 1965). In Longhurst's survey, the region covered in 
the Oulf of Guinea, from oa 9S to 2*20' W, corresponds approximately to the OTS statistical areas 9 and 
10, plua the eastsrn part of 8. Longhurst distinguished three communities (Soiaanid, on soft deposits 
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above tha tbermooline, Sparida, on hard deposit, above the tbermooline, and on all dapoaita below 
thia level, and tha deep community, on tha continental slope). Ha did not attempt to estimate absclute 
abundance from tha oatoh rataa, but uaad tha relative oatoh rataa to estimate tha total potantial trawl 
catches. Tha oatohaa from tha western part of tha ahallow sone, about 3,500 tona, wara baliavad to ba 
near tha maximum. Extrapolating to tha eastern area, and to tha daapar watar, using tha ratio of tha 
oatoh rataa, gave an aatimatad total potantial demersal catch of 14,500 tona. 

Two comments may ba made on thia estimate. First, it ia unlikely that tha figure of 3,500 tona 
represents tha maximum potantial oatoh from tha waatarn shallow aona, even if no inoraaaa in oatoh 
could ba achieved ty any indiscriminate increase of fiahing. Aa suggested by tha Working Party, tha 
use of a larger trawl mesh aiaa (60-70 mm) ia likely to increase long-term oatohaa. Total oatohaa 
might alto ba improved ty greater concentration on tha commercially laaa attractive apaoiaa (e.g. 
Brachydautarua). Second, tha praaant rataa of atanding atooka for tha heavily fished waatarn ahallow 
aona and the lightly axploitad othar araaa will over-estimate tha relative potantial yields of tha 
lattar araaa. Thaaa two affaota act in opposite directions, to indeterminate extents. For tha praaant 
purpose, an estimate of total damaraal oatohaa of 15,000 tons ia probably aa accurate aa can ba made. 

Thia figure may be compared with the estimate, from the OTS, of a standing atook of damaraal fish 
in Araaa 9 nd 10 of 63,000 tona. It haa been estimated, in the introduction to thia series of area 
reviews, that tha potantial yiald may ba roughly aatimatad as 0.5 x M x unfished atanding atook, where 
M ia tha natural mortality coefficient. This ia, in tropical waters, likely to ba substantially higher 
than tha valuaa of 0.1-0.3 found in temperate waters. Using N 0.4, and assuming tha OTS estimate ia 
of tha unfished atook, thia gives an estimate of potantial oatoh equal to 0.5 x 0.4 x 63,000 - 12,600 tona. 
In fact tha stocks in some parts of the OTS area have been reduced ty fiahing, ao that thia estimate 
ia too lowf making some correction for thia, or assuming a slightly higher value of X gives remarkably 
good agreement with longhuret's figures. 

Tha (ITS trawl oatohaa, also, aa already noted, included a variable and sometimes large proportion 
of pelagic ft ah (Sardinella, Caranx. etc.), but the gear uaad did not sample thaaa effectively, and 
tha only fim conclusion from tha observations is that there are, aa a minimum, certain times and 
places where thaaa pelagic species are abundant. Studies towards more quantitative assessments of 
pelagic apaoiaa, especially Sardinella are now being carried out by, inter alia, tha group of United 
Vationa Development Programme (Special Fund) projects in several waat African countries. Thaaa apaoiaa 
are already being exploited whan available by purse-seiners from tha Ivory Coast, and elsewhere. 

For tha damaraal atooka, tha above estimates of atanding atook can ba uaad to give a rough estimate 
of tha potantial oatohaa. Tha ratio of atanding atook i potantial oatoh probably varies in tha range 
1 s 0.2, aa above, for unfished atooka, to 1 i 0.5 or higher for heavily axploitad atooka. Tha data 
of Table F2, for which aa a rough measure half the ahallow water, and all tha daapar (over 50 m) watar 
atooka are atill lightly axploitad, therefore give an estimate of total damaraal potantial in ths 
region, aouth of Senegal, of 0.5 x 300 + 0.2 (300 * 400) - 290, aay 300,000 tona. 

5*5 ggya and larvae 

There are little quantitative data on the abundance of fish agga or larvae in tha region from 
which estimates of potantial oatoh may be made. Various authors, e.g. Furnaatin (1957), Kiliaohanko 
(1966), have reported on oatohaa, usually aa presence or absence. The apeoiaa occurring are much the 
same aa in tha oatohaa with the addition of myotophids and others of fahora. Tha work of Zai ( 1969 ) 
and Xarohal ( 1966) shows that off Ghana and the Ivory Coast agga and larvae of Anohovialla guineensis 
are vary abundant, particularly towards tha edge of tha shelf. Probably tha potantial of thaaa small 
anchovies is at laaat aa high aa aardinalla. 

5.6 Othar evidence 

Tha stomachs of some of tha medium siied pelagic fish (blue fish, Liohia vadjgo) off Cap Timiria, 
oa 19% wara tightly filled with anchovy (iCarnioki 1968, Rasniewaki 1968), confirming tha abundance 
of thia apaoiaa. 

In tropical coastal watara, several authors (Longhurat 1957, 1966; Troadao 1969 1 Collignon 1960) 
have reported on tha feeding of acme of tha major apaoiaa. Fish are eaten ty tha larger croakers, 
but not in such quantity, or with acme under-exploited apaoiaa ao dominant, aa to suggest any great 
potantial among thaaa small pray species. Tha stomach contents do, however, suggest a large potantial 
for paaaaid shrimp and othar wall crustaceans, at laaat in some araaa. Thaaa resources which are 
economically Mat important are discussed in detail in section R. 
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5*7 Ooeanio resources 

Tht resources of tht open oceans, which art fairly similar in all parti of tht world, art considered 
in detail in tht separate Motion of tht world review. However, tht lint between thttt rttourots and 
thoat of tht oontintntal shelf and alopt it not prtoitt. At prtttnt v tht most important (and in many 
artat tht only) ootanio rttourot it tht tuna group. Important tuna fithtritt art oarritd out in tht 
Atlantic, both ty long^lint vessels, from Japan, Korta and Taiwan, and ty turfaot fishing vststls - 
lint bait and purtt ttint, from Franot, USA and ttvtral wttt African countries. Evidence of dtolining 
oatoh ptr unit tffort ahowt that tht ttookt of ytllowfin, at Itatt, havt bttn ttrioutly afftottd ty 
fithinc (t.g. Lt Outn and Witt 1967, FAO 1968)* 

An important, and at ytt untxploittd ootanio rttourot it tht mid-water fauna* Studitt of thit 
fauna in tht Qulf of Ouinta havt bttn rtporttd ty Vott (1969)* Thrtt main groups - otphalopoda 
(ttptoially Omaastrephes pteropus) . fith (myotophidt, hatohtt fith, tto*), and crustaceans - wtrt 
dittinguiahtd and all wtrt vtry abundant* Vott nottd that tht lowttt oatoh in tht Oulf of Guinea 
wat larger than nearly every oatoh taken with tht tamt gear in thott parti of tht wttttrn Atlantic 
to far ttudied (Straitt of Florida, Caribbean). Tht information it at ytt far too toanty to attempt 
a quantitative estimate, but tht potential it clearly vtry large, and tht possibilities of economic 
exploitation, at Itatt of tht squid (t.g. ty jigging), art not too remote. Good catches of squid 
(I lit* illeoebrosus) art ofttn taken ty trawlers on tht upper part of the tlopt ( 100-300 m) all along 
the Oulf of Guinea* 

6. DISCUSSION AND SUMMART 

In the previous sections, it wat possible only to make reasonable quantitative estimates for the 
potential t of some of the demersal ttookt, but these together account for only part of tht total 
potential. In attempting to make an estimate of the total potential, some figures mutt be used for 
thttt othtr resources, ttptoially tht various pelagic resources. 

Among tht demersal ttooks, tht onts for which no estimate hat bttn made, art thott in tht northern 
area (north of tht OT3 region), other than hake and tparidt* Thttt latttr art now htavily fished, with 
a total potential, assuming idtal management, of 25-30,000 plut 200-250,000 . 225*280,000 tons. Tht 
proportion of othtr tptoitt (sole, oroaktrs, dogfish, tto.) in Portuguese trawl landings from tht old 
ICE3 area XI (off Mauritania) hat inortasad from 2% in 1955 to ever 6o in 1962/4 (Nonttiro and Lima 
Dias 1968)* Thit presumably reflects both the decline in hake and tparidt, and, probably, an increased 
attention paid to thttt tptoits ty Portuguese fishermen at the preferred tptoitt declined. If the 
present relative contributions to the catches art tht tame at tht relative potential yields, then the 
total potential yield of all demersal tptoitt may be estimated at oa 250,000 z Vo.4 625,000 tons. 
Thit estimate is, of course, extremely rough, and alto implicitly assumes, at seems reasonable, that 
among thttt various species tht same opportunity tzists for increasing oatohet ty differential manage- 
ment at for tht tparidt and hakes. 

In the northern area, trawlers also oatoh large quantities of cephalopoda, and various medium 
sited semi-pelagic tpeoitt (horse mackerel, tto.). Many of thttt art large vessels, and it it probable 
that in total fishing powtr tht trawler fleets tngagtd in thttt fisheries art now about as large as 
thott tngagtd in trawling for hake or tparidt* Tht relative magnitudes of tht fishing mortality 
coefficients caused in tht various stocks will depend alto on their vulnerability and distribution* 
Tht pelagic species may tend to suffer a lower mortality due to being dispersed through most of the 
wattr column j on tht othtr hand thtir ooourrtnot in dense shoals, which may be readily detected by 
modern sonar equipment, may tend to result in a higher fishing mortality than that caused on demersal 
fish ty tht tamt fleet of ships using bottom trawls* 

These oonsi derations suggest that the fishing mortality on these stocks may already be appreciable. 
There is as ytt no , clear evidence of falling catches ptr unit tffort (Domanevsky 1968), though this 
may be due to tht short period sinoe heavy fishing started, and tht ofttn large variability in c.p.u.e. 
of pelagic fishes. As an tstimatt of tht magnitude of tht resource, it might be supposed that some- 
thing of tht ordtr of 2-5 times tht present catches of mackerel, horse mackerel, tto. may be taken, 
i*t* 200-500,000 tons* Similar argumtnts may bt applitd to tht otphalopoda, giving a range of potential 
catohes of squid, cuttlefish and octopus of 300-650,000 tons over tht shelf* Taking into account the 
ootanio squid, tht total potential of cephalopoda in tht region would bt much greater. 

Quantitative estimates art even more difficult to make for tht pelagic resources. In tht north, 
eatohts of sardine off Moroooo havt bttn slightly ovtr 100,000 tons for many years, with no evidence 
of tht tfftot of fishing. Catohes increased to 280,000 tons due to increased tffort in 1966, but it 
is too tarly to sat what tfftot this increase is having on the stock. Tht ACMRR/ICS5 Working Party 
found that it oould make no useful statement regarding tht statt of tht ttook. For comparisons, the 
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potential of the sardine (pilchard) stocks in the Northeast Atlantic (from Gibraltar to the English 
Channel) have boon estimated in tha appropriate aaotion of this series at 400,000 tons. Tha sardines 
south of Gibraltar artand over a similar area, at an apparently oomparable density, ao tha same figure 
of 400,000 tona might be need in default of better information, which ia at leaat not inconsistent 
with the oatoh data. 

For the other pelagic stocks, attempt* at quantitative estimation are even more difficult, though 
they are probably of the earna order of magnitude aa the sardine, i.e. aome hundred, of thouaanda of 
tona (but probably not millions of tone). 

Theae estimates of potential are summarised in Table P3. The region has been considered in two 
areas, separated at 10N. Clearly it would be preferable especially when comparing these estimates 
with primary production, etc., in view of the strong regional differences in primary production, to 
consider the potential in terms of much smaller areas. This is, however, impracticable until there 
are improved statistics available of catches ty small statistical areas. Even in this table the data 
for some catches are not good enough to determine whether they fall into the northern or southern area. 
It ia likely, for example, that some of the oatohes of sparlds and other de me real catches included in 
the northern area should be included in the south; conversely all aardinella oatohes have bean included 
in the south, though substantial oatohes (e.g. ty Senegal) are taken north of 10H. 

Table F3 - Summary of the potential oatohes in the region (excluding tuna and crustaceans) 





North of 10N 


South of 10N 


Total shelf area (000 km 2 ) 


240 


240 


Catches ('000 tons) 


Present 


Potential 


Present 


Potential 




(1966) 




(1966) 




Demersal s Hake 


25 


25-30* 






Sparids 


150 


200-250 * 






Others 


125 


(400) 






TOTAL 


300 


650 


170(a) 


300 


Pelagic s Sardines 


280 


(400)* 


70 


(x100) 


Anchovy 





400)- 




(x100) 


Sardinella 


30 


(100?)- 






Mackerel, horse- 


100 


200-500 - 






mackerel, etc. 










TOTAL 


410 


1,100-1,400 


140(a) 


(1,000?) 


Cephalopoda 


150 


300-650 - 






HAND TOTAL 


960(b) 


2,100-2,700 


310 


(1,500?) 


Catches per unit area (kg/ha) 










Demersal 




25 




12 


Pelagic 




50 




(40) 


TOTAL (including cephalopoda) 




(100) 




(50) 



Hotes - (a) Dividing 1 80,000 tons of "unsorted and unspecified 19 between pelagic and demersal, in the 
" ratio 1 s 2, since the larger number of demersal species makes specification and sorting 

more difficult 
(b) Including 100,000 tons of "unsorted and unspecified 19 

The actual figures in this table should be treated with caution, though they represent what is 
the bast approximation to potential that can be made at present. 

They suggest a quite high potential per unit area, particularly in the northern area* Locally 
the potentials must be much higher, because the distribution is far from even. The biggest concentra- 
tions are in the upwelling areas, when the potential annual yields are probably in the region, of 
200 kg/ha of all species* Elsewhere the potential is low, e.g. Collignon (1968) suggests a demersal 
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potential of no more than 1 kg/ha, though this may bo an under-estiaate, perhaps not taking account of 
oatohoa of fishermen other than froa Morocco. For ooaparison, the primary production in tho upwelling 
ATOM aay bo estimated aa around 4 gC/a2/day f whioh for 200 day a of upwelling and some production outaida 
tho upwelling aoaaon v oorroaponda to an annual production of 1,000 gG/ar. With an ooolofioal efficiency 
of 10 9 tho production at latar stages may ba estiaated aas 

100 gC/a 2 herbivores (mostly aooplankton) 
10 gC/a 1at atafo carnivores 
1 gC/a 2nd stage oarnivoroa 

If thoao laat aro commercial fiah t than in taraa of wot weight, thoir production it 10 |/a 2 or 
100 kg/ha, lot all tho production ia harveetable Iqgr an; afainat thia f tha ooolofioal offloianoy aay 
wall ba higher than 1#, and many ooaaeroial fiah 9 oapaoially tho aaall pelagic apooiaa f ooae aarliar 
in tho food chain than aaoond atago carnivores. Thua tho potential of all apooioa (200 kg/ha) in tha 
upwollinf araaa appoara not inoonaiatant with tha data on primary production* 

Practical poaaibilitiaa for inoraaaad oatohoa 

Tho total potontial of 3*5-5 aillion tone auffoatod in Tablo F3 ia auoh higher than tha proaant 
oatohoa of 1.3 ail lion tona. Tho proapoota for an iaaodiato inoraaao in oatoh aro not quite aa proaiainf 
aa thoao fifuroa augfoat. Some of tho daaaraal atooka in tho north aro hoavily fiahodi aoat of tho 
poaaiblo inoroaao would ooao froa aoro intonao fishing of thoao atooka which ara atill lifhtly exploited 
(aoao aparida y olaaaobranoha 9 oroakora 9 oto.) 9 many of which aro of low ooonoaio value* Thia inoroaao 
would have to bo achieved without ineroaaing tho fiahing on tho aoro attraotivo atooka of hake and 
aparida 9 which would rtquiro aoao rathor aophiatioatod lovol of intornational aaaageaent* Thia ia not 
likely in tho iaaodiato future* In tha aouth inoraaaod oatohoa can corns, to a alight extent, froa 
inoroaaod fiahing on tho aovo lightly osploitod coastal stocks, but thoao ara in tha loaa productive 
aroaa 9 whoro oatoh ratoa aro not ooonoaioally attraotivo* Othsr opportunities occur in tho dsopor 
watar (6O-80 a), though aoao of tho biggoat potentials aro of species, e.g. Braphydoutorua auritus. 
which aro of leaa ooonoaio value. Shrimp trawling ia also promising, though not considered in detail 
here* 

Tho biggest potontial ia among the pelagic fish. It is suggested here that (apart froa tuna, not 
here considered in detail), fiahing on tho larger fish (mackerels, horse mackerels, bluefish, etc.) 
could probably be increased. Thia conclusion ia however rather tentative! thoao fisheries have boon 
expanding rapidly, and the events of the next couple of years will probably aoe both sufficient data 
accumulated to determine tho potential, and this potential approached (apart froa the laat fraction for 
which proper management ia required), unless tho potontial ia very auoh larger than seems likely* The 
same reaarka probably apply to tho oephalopods over the continental shelf f the feasibility of exploiting 
the oceanic squid ia not established* 

Among the smaller pelagic fish, inoraaaad fiahing on both sardine and SardineUa seems feasible; 
the anohoviea are untouched, but their exploitation, initially for fish meal, would seem to present no 
technical barrier, though detailed exploratory fiahing ia requested to determine whether this oan be 
done at a low enough ooat at the present world price of fish meal. 

Requirement e for future studies 

The prime requirement ia for better statistics; exoept for local fisheries, tha plaoa of capture 
ia only known very roughly and about a quarter of the total oatoh ia of unaorted and unspecified fiah. 
The only data on effort and oatoh per unit extending for aoro than a handful of years aro for tho 
Portuguese trawl fishery in tho north, and SOBS of the local tropical trawl fisheries. For some 
countries tho total oatoh ia not known at all accurately, and aoao strengthening of tho looal atatiatioal 
system ia most desirable* 

When statistical data are available for aaall areas, then it would ba most useful to have oorrea- 
pondingly detailed data on tho hydrography* oapooially upwelling, primary and secondary production, 
though in abaenoe of oatoh data it would be difficult to uao such information to improve tha oatiaatoa 
of resource potential. For the secondary production - aooplankton and benthos - there is, however, at 
present not oven broad regional oatiaatea of production (and few of standing orop). Suoh oatiaatoa 
would greatly strengthen, and perhaps change, the rather weak arguments used here to check tho aatiaatoa 
of potontial froa food-chain analyses. 



Apart froa statistics, tho aoat urgent need ia far a direct aurvey of tha paiagio ._* 
proposal for an international ooho aurvoy ia contained ia tha AQMXR/XOtt Working Farty raport. ------ 

surveys mainly for sardinella ty several west Afrioan countries aro being organised under tha UMDF(SF) 
and are linked by a regional project. 
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1. TOPOGRAPHY 

Aa defined here the Heetern Central Atlantic area extenda from 5fc lat. - approximately tha 
northern extremity of Braail - north to 35N, the southern boundary of etatietioal araa 6 of ICNAF 
(International Commission for North Weat Atlantic Fisheries) - eastwards to 42N, 

The region may be divided into five aub-areaa - the US east ooaat; the Bahamas and tha northeast 
ooaat of Cuba; tha Gulf of Nexioo; the Caribbean; and the Atlantic ooaata of South America to the 
Braail ian border. For convenience the Atlantic ooaata of the Neat Indian lalanda aaat of the Windward 
Paaaage will be included with the Caribbean. 

The US eaat ooaat within the present region extends some 1,100 km (600 n.mi), and haa a fairly 
wide continental ahelf - nearly 100 km (oa 50 n.mi). Along the ooaat there are a number of eaoloaad 
or eerai-enolosed watera. Thoutfi the direct production from theae watera haa been excluded from this 
review, theae aatuarina areaa, and the similar areaa along the Gulf of Nexioo ooaat are important 
breeding or nursery areas for several atooka of fish commercially exploited further offshore, 
e.g. shrimp (Kutkuhn 1966), menhaden (Reitjea 2 and Paoheoo 1966). The total area, excluding aatuariea, 
down to the 200 m contour ia about 110,000 km. Beyond the 200 m contour the elope ia quite gentle, 
giving a wide expanse - the Blake Terrace - between 200 and 1,000 m, whose area ia about equal to 
that within 200 m. 

Tha Bahama Banks oonaiat of a wide area of shallow water with low-lying islands; including alao a 
rather narrow o ahelf along the north coaat of Cuba, the total area within the 200 m (oa 100 fm) contour 
ia 120,000 km. 

In the Gulf of Nexioo there are three areaa of wide continental ahelf - weat of Florida,, aouth of 
Texaa and Louaiana and tha Campeohe Bank - which support rich fisheries. Along the rest of tha 
Mexican ooaat tha ahelf,ia narrower; the total araa of tha Gulf ia about 1.6 million km 2 , of which a 
little under 600,000 km ia within 200 m. 

The ahelf araa in the Caribbean ia much smaller. The only large bank ia tha ahallow Nosquito 
Bank off Nicaragua and Eonduraa, with a maximum width of oa 2 JO tea and an area of oa 100,000 tatfj 
the other large expanse of shallow water ia tha Gulf of Naraoaibo and Laguna da Naraoaibo. The length 
of the coastline along Central and South America ia nearly 5,000 kra, and the arc of islands from Cuba 
to Trinidad extenda for about 3,300 km. Except off Nicaragua, Honduras and the eastern part of 
Venesuele, the width of the,, ah elf ia no more than oa 20 tan. Ofce total araa ia 2,64 million km of 
which about 10* (250,000 km*) ia shallower than 200 , moat of tha ahelf being in fact shallower 
than 100 m. 

Outside the Caribbean the ahelf off South America widena off Guyana and Surinam, with an average 
width, out to 200 m, of 90 km (50 n.mi), giving a total area within 200 m, of nearly 200,000 kmS 

The areaa of ahelf above have been taken somewhat arbitrarily aa the 200 m contour. Aa noted 
above the extent of moderate depths (aay, leaa than 1,000 m) ia quite large off the US Atlantic ooaat. 
Elsewhere in the region the water deepena more rapidly beyond 200 m, ao that the area of continental 
alope between 200 m and 1,000 m ia no more than around 20-30J& of that within 200 m. 

2, HYDROGRAPHY 

Tha main flow of surface water ia olockwiae through the region. The continuation of the South 
Equatorial Currant (Guiana Current) Howe weat along the ooaata of South America, and with the watera 
of the North Equatorial Current enters the Caribbean to form the Caribbean Current, Hewing strongly 
westward. There ia aome wind-induced upwelling off the ooaata of Venezuela and Colombia. 

The watera of the Caribbean Current leave the Caribbean through the Yucatan Channel, and form a 
olookwiae circulation in the eastern part of the Gulf of Nexioo. Hie water laavaa tha Gulf of Mexico 
aa the strong Florida Current, the beginning of the Gulf Stream ayatem flowing northwards up the US 
eaat ooaat. Hie circulation in the western part of the Gulf of Nexioo ia confused. 

3. PRIMARY PRODUCTION 

Generally, production in tha region ia moderate to low, being hi^eet in the coastal waters of 
tha USA and in the limited upwelling araa off Venezuela. 
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Average primary production it within tht rang* 90-100 gC/m 2 /year (Hela and Laevaetu 1962, Fig, 37); 
bat locally higher valuta ooour f e.g. 1 fO/m?/**/? or oa 350 rf/mF/yaar on tht Venezuelan Bhelf 
(Belleeter 1968, Curt 1960, Hubert 1962), and up to 1.000 gC/m?/yaar in ooaatal bay* tad mangrove 
areaa, aa opposed to at low at 20 fC/V/yw offehore (Margalef 1968) Higher product ion hM alto been 
notad over the ahallow watere off lioaragua and Honduraa (Hubart 1968). 



Tha distribution of sooplankton ia similar to that of primary production. Xa tha centre of tha 
Gfolf of Mexioo aad ia tha Caribbean standing crop (aad presumably alto production) ia low. Higher 
values occur along tha US Qulf ooaat, especially off tha watt ooaat of Florida, aad off tha mouth of 
the Miaaiaaippi. High daaaitiaa of sooplankton alao occur oa Campeohe Bank, and, ia tha Caribbean, 
towards tha eastern and of tha Venesuelan ooaat (Arnold 1958, Iromov 1965, 1965*,Bogorov et al. 1968). 
Quantitative information, particularly oa production rathar than ataadiag atock, ia laokingfrom many 
parta of tha region. ONTO aad Foyo (1964) suggest that parta of tha Caribbean ara nursery araaa for 
tha atooka of adult oopepoda occurring ia tha Gulf of Mexioo aad Straita of Florida. 

5. TSS FESEERXSS 
5.1 Statiatioa 

There ia no compilation of international atatittiot for tha ragion. National atatittiot exist ia 
varying detail for all tha oouatriaa ia tha ragion, but for none ara tha statistics entirely satis- 
factory. Thus tha moat extensive ttatiatioa ara for tha commercial fisheries of tha USA bat thaaa do 
not include all tha oatohaa taken by tha USA excluding two major oategorieai (i) tportt catches, esti- 
mated as being at graat or greater than tha oommeroisl catch for aevaral important species - a.g. over 



half tha estimated 3,000 toaa catch of aaa trout (Qynosoion aabulotut) (Tabb 1966)1 aad (ii) inciden- 
tal oatohaa of fiah, taken by shrimp trawlers, ifcioh are diaoardad at sea) thaaa may be aa much aa 
600,000 tons (Bui lie aad Carpenter 1968), to which should probably be added a corresponding quantity 
taken ty Maxioaa aad other ahrimp vessels. 

There ia little fishing ia tha region lay vessels from outside the region. There ia acme tuna 
fishing by Japan aad other non-local countries, aad trawling by USSR along tha US aaat ooaat, aad 
on a small scale by Japan off both Morth aad South America. 

Moat fiahiag lay oouatriaa within tha ragion ia dona oloaa to port with tha exception of fiahiag 
by US vessels for shrimps, a.g. oa tha Campeohe Bank. Thua tha difficulties encountered ia other 
regions ia obtaining meaningful atatiatioa from longHrange vessels does not occur, aad to a large 
extant tha available atatiatioa, mostly ia terms of port of landing, oaa alao for tha preaent be uaad 
to give data oa place of capture, 

5.2 The fisheries 

Tha moat important fiahary in tha area ia that for shrimp. Thit fiahary originally centred in tha 
Oulf of Mexioo, and carried out mainly by US vessels, has now developed in other countries and araaa, 
e.g. by Mexico, and off Venezuela and Ouyaaa. Tha oruataoaan resources in tha world aa a whole ara 
discussed in the relevant chapter, and tha ahrimp fisheriee ara not discussed further hare. 

Hie menhaden fishery of tha USA ia alao vary important ia tana of volume, with peak oatohaa of 
over 1 million toaa ia 1954-62, but tha catch ia uaad for tha production af fish meal, to that tha 
value ia laaa than tha large volume would suggett. 

There ia a vary large number of other fisheries in tha area, but each individually ia rathar 
small, generally with small boats, and rathar simple gear, catching fiah for local marketa. This makes 
study of thaaa fisheries, especially through analyeis of ttatittiot of catch and effort, eoe*hat 
difficult. 

S3 Stook assessments 

Detailed assessments, with analysis of catch aad effort atatiatioa aad of aga composition data, 
including estimates of growth and mortality rates, do aot seem to have beta carried out for atooks ia 
the 
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y * x )l ? lt * d ***<* fi * *><* i. the manhaden (Bravoortia app.). Total oatohaa roaa 
aavaral yeara up to 1959, and between than anTWraSaliiad around 1 .11 lion ton.. 

atilr *?l*t? t0 U J U JL OVW hidf a llllcm ton to 1 * 7 * oa M of ** d * lltt * 
10 not entirely oartain, but it aaema to be aaaooUtad with heavy fiahing, and tha atooka do not aaam to 

auatain oatohaa aa large aa 1 million tona. If tha preeont daolina oan ba arraatad, oatohaa -ight, with 
oorraot management, ba auatainad at around tha 750,000 tona level. 

Simpaon (1968), analyaing tha Venezuelan aardina (Sardinalla anohovia) fiahary, found no olaar 
change in aiaa composition, or in catch par unit affort (though thin might ba a bad indaz of abun- 
dance), during a pariod when oatohaa inoraaaad from 10,000 to 40,000 tona, euggeeting that thia 
raaouroa ia atill lightly exploited. 

For othar atooka of fiah avan auoh rough eetimatea cannot ba nada, though it aeema moat atoeka ara 
greatly under-exploited. 

5*4 Exploratory fiahing 

A oonaidarabla amount of axploratory fi thing haa baan dona in tha araa, particularly by tha US 
Buraau of Commaroial Fiahariaa, but alao in tha Caribbaaa ty FAD/UNBP(SF) fiahary davalopmant projaota, 
and ly tha La Sail* Foundation* Aa alwaya it ie aomewhat difficult to uaa exploratory fiahing to 
obtain quantitativa aatimataa of atanding atook, it ill laaa of potential. Batimation ia aaaiar for 
bottom fiah than for pelagic fiah, ainoa a trawl oan ba a raaaonably quantitativa aampling Inatrumant 
for fiah that obligingly ramain olo.e to tha bottom. 

US Atlantic ooaat and Qulf of Mexico 

0!ha abundance of bottom fiah off tha US ooaat haa baan aatimatad by Bullia and Carpenter 
(1968) aa 3 million' tona, in tha Oulf of Mexico and 1.5 Million tona on tha Atlantic ooaat aouth of 
Cape Hattaraa* It ia not olaar whether thaaa aatimataa ara of abundance (atanding atook) or of 
potential annual yialdf if tha latter they aaam high - aquivalant to 45 *g/njt of water laaa than 
1,000 m daap off tha aaat ooaat. 

If tha figuree ara of atandin* atook a rough aatimata of potential may ba obtained if it ia 
aaaumad that tha potential oatoh would ba taken with a fiahing mortality of 0.5, and at that fiahing 
rate tha atooka would be laaa than at preaent - about half tha praaant level if they ara virtually 
unazploitad, aa they probably ara off the aaat ooaat. Ohia givee aatimataa of potential of 380,000 
tona off tha US aaat ooaat and 750,000 tona in tha Oulf of Mexico. 

At praaant there ia little fiahing explicitly for bottom fiah in tha Oulf of Mexico, but larga 
quantities - aatimatad aa 600,000 tona - ara taken, and diaoardad by ahrimp trawl ere. Therefore thaae 
fiah atooka ara far from being unaxploitad, and tha figure of 750,000 tona ia an undar-aatimata. 
Baoauaa tha ahrimp veeeele uaa gear beat adapted for ehrlmpa, and work where ahrimp (and not fiah) 
ara moat abundant, tha fiahing mortality on ahrimp ia greater than that on bottom fiah generally. 
Accepting that tha ahrimp (except thoee in daap water) ara fully exploited (oruataoaan raaouroaa ara 
diaouaaed in more detail in another chapter), tha fiah ara therefore probably a till under-exploited, 
avan thouA tha optimum fiahing mortality on fiah ia probably laaa than tha optimum mortality on tha 
generally ahorter lived ahrimp. Tha damaraal potential in tha Oulf ia therefore probably in tha 
range 1 - 1.5 million tona. fEhia potential inoludaa a wide range of apaoiaa of vary varied marked 
value. In many of tha ahallowar ground! moat fiah will continue to ba caugbt aa bp-oateh in tha 
ahrimp fiahary. Alao in deeper water (100-500 m) tha royal rad ahrimp appaara to ba tha major 
raaouroa in many araaa (Bullia and Ohompton 1965)* At thaaa depth e, in tha waatarn Oulf, off aoutharn 
Taxaa, ahrinp ara aoaroa, but hakaa (Urophyoie oarratua and Marluooiua majpiooulua) and anapper occur 
in commercial quantitiee. 



Bullia and Carpenter (1968) atudiad tha potential of the ooaatal pelagic fiah, aatimatad aa a total 
5 million tona. 7fll in the Oulf of Mexico. The moat numercua group waa believed to ba anohoviaa, 
followed ty thread hairing fOpiathonama oglinum), neither of which ara axploitad. Menhaden ara atill 
common, but tha atooka and oatohaa have teen declining. Ohe fiahing mortality on menhaden aaama to ba 
high, probably over 0.5, which would imply, with annual oatohaa in tha pariod 1963-7 varying in tfce 
rang* 830 ,000-540 ,000 tone, .took, of 1-1.5 million tona, and atooka of other apaoiaa of 4-3.5 
million tona. On the aame argumenta aa uaed for the demaraal atocka, the potential annual oatohaa 
from Sa Exploited pelagic gab are 1-0.9 -ilUon ton. (7* in tha Oulf of Mexico and the raatoff 
that* aaat ooaat) f tdwhioh tha potnatial of menhaden (750,000 tona) ahould ba addad, of which parhapa 
one third cornea from the Oulf. ttie givaa aatimataa of the total potential annual oatoh of pelagic 
fiah aa 1 million tone in the Oulf, and 750,000 tone off the US Atlantic ooaat. 
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Caribbean 

In the Caribbean and along the Atlantic ooaat of South America, a number of surveys have bean 
carried out fWhiteleather and Brown 194St Mitchell and MoOonnefl 1959, Oinea et al. 1968, Bui lie and 
Thompson 1968, Kathjcn 1968, Salnikov 1965)* Extensive information ia alao available, aa leaa formal 
publications, in the varioua internal reporte of the FAO/UHDP(SF) Caribbean project. Beoauae of the 
variety of gears ueed, a quantitative oompariaon between the results ia difficult, but there ia a fair 
degree of qualitative agreement* 

Generally , the Caribbean appears leee productive than the Oulf of Mexico, except for the eaatern 
part of the South American ooaat* This part, and alao the ahelf off Atlantic ooaata eaat of Trinidad, 
have given good trawl catenae. The other area* not only appear leaa productive, but alao contain a 
high proportion of rough ground - unsuitable for trawling. The proapeota for commercial bottom fish- 
ing in theae latter areaa (off Central America and along the ialand chain) are mainly for handlining 
and aimilar methods; exploratory fishing reaulta from theae yeara are even leaa suitable for quanti- 
tative estimation of potential than data from trawling. 

Handlining surveys by the FAD Caribbean project (Rathjen 1968) suggested that catches were 
higher in the oool season (January to June) than in the second half of the year. The areaa off 
Nicaragua and from Rispaniola to the Leeward Islands gave higher catches than the Windward Islands, 
with Jamaica and Honduras being intermediate. It is likely that the main species - grouper, snapper, 
etc. - do not move far, and so form a number of small discrete stocks* Some of these, near to good 
markets, are probably heavily exploited. More certainly other areas are still under-exploited, but 
the factor ty which the total catches might be increased cannot be accurately guessed -nor indeed are 
the present catches known with any great precision. 

A range of values for the potential annual catches of larger bottom fish from the Caribbean, 
including off eastern Venesuela, which appears not unreasonable is 50,000 to 200,000 tons. This is 
equivalent to 2 to 10 kg/ha which is similar to the figures in other of the less productive parta of 
the world (e.g. Baltic 6, North Sea 15, Southeast Australia 2). 

This range also is in reasonable agreement with the estimate for the potential of the commercially 
most promising group (the snappers and groupers) which was estimated \jy Carpenter and Nelson (1968) 
aa 41 f 000 tons for the Caribbean. 

Hie main fishery for pelagic fish (excluding tunas) is along the ooast of Venesuela, where some 
40,000 tons of sardine (Sardinella anohovia) and smaller quant it ites of anchovy (Cetengraulis 
edentulus) and round herring (Opisthonema oglinum). The available information! which is most exten- 
sive for sardine, has been reviewed by Simpson et al. (1964) and Simpson (1968). Pishing is mainly 
by beach seines. Catches have increased with some nuctuat ions from 5,000 tons in 1946 to a peak of 
44,000 tons in 1965* 3h* figures of catch per set since 195? how no clear trend though the oatoh 
per single set (Simpson 1968, Table 3) had some suggestion of a decrease* However, theae figures are 
probably measures of school sise and changes in abundance may change the number of schools, but not 
their average sise so that total population abundance is poorly estimated. If anything, the figures of 
oatoh per set seem more likely to underestimate changes in population abundance. While there is no 
evidence that the limit to the potential of sardine has been reached, it ia probable that the opportu- 
nities for major expansion in catches of pelagic fish lie with other species. Bull is and Thompson 
(1968) saw few sardines in the OREGON operation off Venesuela and ascribed this to the fish being 
further inshore. Sardinella was not included in the large number of pelagic spaoiaa attracted to 
lights off the Windward Islands (Bull is and Roithmayer1968), but was one of the four genera used for 
tuna live bait by Rathjen (1968). 

A rougfr figure of the potential of small pelagic fish can be obtained by assuming that, since 
there appears to be some decline in abundance, sardine catches off Venesuela could be doubled (80,000 
tons) and that this accounts for between one-fifth and one-tenth of the total Caribbean potential, 
i.e. 400,000 to 800,000 tona. 

A pelagic resource which is presently unexploitcd, but which offers a good chance for commercial 
development is the blackfin tuna (see chapter P). 

South America 

As noted above, the ahelf between Trinidad and the Ouyanas has been shown by several surveys 
to be comparatively rich, at least in the north-western part. 
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\ Ptowlt w^y* ** ** * a*ve been ty the FAO/talBP(sr) Caribbean project (Rath Jen 
1969). These were concentrated in the central part, particularly off the mouth of the Surinam 
%??* 1 " w **** to ** P** - 450 kgAour in turner, and 2?5 k*/W in spring by 

the 80 ft CAUKAR - but alao high in the other areas. Oka raaulta confirmed earlier data that oatdhaa 

decreased graatly at depths beyond 20 fta (oa 35 m). 

Estimates of the standing stock of demersal f iah in the area have been prepared ty W.F. Rathjen, 
baaed on the PAO/UOT>P(SF) work, and previoua surveys (aee Table 01 ). The estimates are baaed on a 
working gap of the trawl of 12 m and a towing apeed of 3 knots, and do not include any allowance for 
escape from the path of the trawl. 

A very rough estimate of the potential yield, assuming a 50J& escapement from the trawl , and a 
natural mortality of 0.6, and using the formula, potential - 0.5 x M x unexploited biomaas, is then 

1.5 x 0.5 z 0.6 x 350,000 - 160,000 tone 

Thia suggests that, given the uncertainties in the data, the demersal potential ia somewhere in the 
range 100-300,000 tons. This implies a yield par unit area of 5-15 kg/ha for the area aa a whole, 
which appear* perhaps rather low in view of the high catches in the shallow sone, but over half the 
total ahelf area (out to 100 fro) ia the less productive region beyond 20 fm. 

Data on the pelagic resources are scarce. Off the Ouyanaa the FAO/UNDP vessels did not find any 
large mid-water traces on their echo sounder. Tbe wind strengths were so high that no surface schools 
ware eeen, but olupeoida were common in the trawl, and in the stomachs of larger fish. The pelagic 
resources are thus probably aa big aa, or possibly rather larger, than the bottom fish resources, 
say in the region of 150-300,000 tone. 

Bahamas 

The area of shallow water round the Bahamas is notable for the variety of ita apeoiee and 
the clarity of the water, rather than for ita high production. Though the data are lacking, the 
productivity ia probably leae than in any of the other areas considered here. The fish potential 
might then be assumed to be toward the lower end of the range assumed for the Caribbean, i.e. 2-4 kg/ha 
of demersal fiah, and 10-20 kg/ha pelagic. 

Cephalopoda 

There seems no doubt that octopuses and squids form a large resource in the region, and one 
whose ezploitation oould probably be increased without too much difficulty (Voae 1960, 1968). Quan- 
titative estimation of what the magnitude of the resource might be is much more difficult, especially 
since much of the most effective gear - pots for octopuses, jigging for squid - are even less quanti- 
tative than trawls. 

In attempting to make an estimate, the following facts are relevant! 

(i) squid are short lived, so that the potential yield is a large fraction of the unfished 
standing stock; 

(ii) squid and octopus occur througiout the region, and at least locally are common, but 
apparently are not so strikingly abundant as in some othar areas, e.g. Newfoundland; 

(iii) present reported landings are 2,500 tons (Voss 1968); even adding unreported landings and 
discards, except in the shrimp fisheries, implies that present catches are probably less 
than 5,000 tons, plus ty-catches in the shrimp fisheries, which might be quite a lot larger. 

Tbis is not sufficient for quantitative estimation. Ouesses based on the somewhat more realistic 
estimates of fish potential in the region, and of cephalopod potential in other regions, suggest that 
the potential is more than 100,000 tons, possibly in the region 0.5 to 1 million tons, and probably 
not as much as 2 million tons. 



Other evidence of potential > E^s and larvae 

There has been extensive plankton work in some parts of the area, especially off the US 
ooast, but there are few detailed reports of catches of fish larvae. 



a - ransor COWL mono 



.112. 



TU 01 - BrtiMtM of tudinc took of dwerMl f 1* eft th nortb-wrt ooMt of South Awlo* 
(provide Iqr W.V. Hathjtn from dt of OTDP(SF) wcploratory filing) 





Region 




Trinidad Orinoco Guyana Surinam 


French Ouyana 


Area (to. 2 ) 






0- 5 fo 


) 5,200 8,300 6,900 


9,000 




) 3,200 




5-20 


) 3,300 17,100 17,700 


11,200 


20 - 100 


17,200 8,300 20,900 34,400 


36,700 


TOTAL 20 f 400 I6 t 800 46,300 59,000 


56,900 


Density (kg^a) 






- 5 fo 


) (a) (a) (a) 


to 




) 23.5 




5-20 


) 5.4 28.7 48.3 


19.1 


20 - 100 


7.4 (a) 1.9 2.6 


3.8 


Standing stock (tons) 






- 5 A" 


) M U W M 

I * ***T tJ^T 


17 to 


5- 20 


) 7 2 52 86 


21 


20 - 100 


13 7* o) 18^ 0) 29< c) 


32(0) 


TOTAL 20 12 94 149 


70 



Wotes - Total area 199t400, My 200,000 kn 

Total standing itook 345,^00, uy 350,000 tons 

(a) Not sampled 

(b) Calculated using wsigftt/^ia of 5 - 20 fu interval 

(o) Using densities of 8.7 kg/ha estimated from catches of R.V, GAPS ST. MART 
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* y* ********* ln MPl collected during all months of 1959t Massmann et aU (1961) found that 
w SL "T** olleotd were Ammodytes aaerioanus. Flounders, butt erf isTCPoronotus spp.), sea 
robins (Pfrionotus spp.), anohoviesIAnchoa spp.) and silverside (Nenidia menidUl were the commonest 
other species, but none were particularly outstanding. This yiegtftt that in this area, as in other 
parts of the North Atlantic, Ammcdytes oould provide large oatohes. Perhaps the resource potential 
oould amount to the same as present oatohes in the North Sea, i.e. 100,000 tons annually. 

In other parts of the area there are not sufficient data to modify the rough estimates of poten- 
tial already made. 

6. DISCUSSION AND SUNMART 

The estimates of potential derived in early sections are summarised in Table 02. All these esti- 
mates are at best rather rough, and the figures in brackets, which are largely based on comparison 
with other areas, are particularly likely to be inaccurate. However, the estimates are probably as 
good as can be provided with the present information, and are certainly good enough to show that the 
oatohes of fish from the area could be greatly increased if the technological and economic situation 
is favourable. 

Resources which are substantial, but little exploited, include most of the small pelsgio fish - 
excluding menhaden, and sardine off Venezuela - the demersal fish off the Atlantic coast of South 
America, and, probably, many of the local stocks of snapper and grouper in the Caribbean. Blaokfin 
tuna are another valuable resource, but are considered in detail in the relevant chapter. 

In nearly all stages of the analysis data have been inadequate. Some improvements of the esti- 
mates would therefore be achieved by better information at any stage, but certain pieces of informa- 
tion would be particularly valuable. These include t 

Statistics 

Better details of species caught, including data on fish discarded, especially in the 
shrimp fisheries. The preparation of a regional statistical bulletin, similar to those produced by 
ICNAF and ICES, and including details of area of capture, would be most valuable. 

Environmental data 

The present data, though sparse, are sufficient to identify the more productive part* of 
the area. For the immediate purpose of estimating potential, the supply of environmental data is less 
urgent than other matters, though such data are likely to be useful for other purposes, e.g. for 
understanding distribution of surface living fish. 

Exploratory fishing 

The available data, though extremely heterogeneous, show where are the major resources. 
Nost of the methods used - fishing with lights, handlining, etc. - clearly give a non-<iuantitative 
estimates of total standing stock, or of total potential yield, and further survey work with these 
methods, thoukh useful for assisting fishery development in delineating the most profitable grounds 
or seasons, ifunlikely to increase greatly the precision of the estimates of potential. Bottom 
trawlinTin more quantitative, and further exploratory trawling, e.g. off the Atlantic coast of South 
AmerioaTwould be valuable. Trawling is, however, not a suitable method for many stocks, e.g. pelagio 
fish and demersal fish on rough ground. New methods of survey - acoustic (sonar and echo sounder), and 
visualfe r\atellite AotoiphV) (Pease and Drennan 1968) - promise better Quantitative results 
at least for the off-bottom resources, and should be developed, and where suitable, applied to further 
survey work. 

Stock assessments 

Assessments by established methods for well established fisheries in the region, e.g. 
menhaden, some local snapper fisheries should be carried out. 

and larvae 



Existing data (publications and more particularly plankton collection) should be examined 
from the po^t of view of obtaining absolute measures of abundance of spawning stocks. 
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Table 02 - Summary eitimatee of potential ('000 tons, live weight) 





US last 
Coast 


Bftfrartfiff 
HE Cuba 


Gulf of 
Mexico 


Caribbean 


Atlantic 
S America 


TOTAL 


Shelf area ('000 km 2 ) 
(to 200 m) 


200 


120 


600 


250 


200 




Potential ( 9 000 tons) 














Demersal 


380 


(25-50) 


1,000-1,500 


50-200 


(100-300) 


1,500-2,500 


Pelagic 


850(a) 


(120-240) 


1,000 


(400-800) 


(100-300) 


2,570-3,190 


TOTAL 


1,200 


150-300 


1,700-2,400 


450-1,000 


(600-1,200)4,100-6,100 


Crustaoean(b) 












260 


Squid 












7 


tyctophids 












? 


Potential per unit 
area above 200 m 














Demersal 


22 


2-4 


12-23 


2-8 


15-30 




Pelagic 


35 


10-20 


16 


16-32 


15-30 




TOTAL 


60 


12-24 


30-40 


18-40 


30-60 





Notes - (a) Including Awwodytes 

(b) Crustaceans, molluscs and tuna are considered in the relevant chapters 
Brackets demote estimation 
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1. TCPOORAPHf 

Tht prtttnt ohapttr inoludts tht coastal wattrs of tht Indian Ootan and adjaotnt stas from Cap* 
Agulhat, South Afrioa, to tht Thailand-Malayaia border (oa 6.4'H lat., 100. 1I long.), tht soutbtm 
coasts of Zndonoaian Islands bordtring tht Indian Ootan, and tht wtat ooatt of Australia. Also inoludtd 
art tht fed Sta, Ptrsian Oulf f and tht banks and wattrs surrounding tht islands of tho Indian Ootan. 
(Somt of thoao boundarits, particularly round Australia, which havt boon ustd for paat statistical 
tabulation and in thia study, art liktly to bt amtndtd for futurt statistics.) 

Tht artas of tho shtlf and slept rtgions to tht 1,000 dtpth contour art givtn in Tablt E1 adapttd 
from tha data of Moitttv (1969). 

Tablt H1 - Artas of shtlf and uppor oontintntal slept on tht Indian Ootan (froa Moist tv (1969)(000 ka 2 )) 



Arta 


Shtlf 


(0-200 m) 


Upptr Slopt 


(200-1,000 m) 


ttMt Africa 

South Africa (taat of 30 E) 
Nosaobiqut 
Taniania-Ktnya 
Somalia 

Arabian Sta 


390 

400 
610 

130 
380 
260 
180 
240 
210 
(200) 


140 
120) 
10) 
120) 

80 
320 

190 
250 
170 


440 

300 
240 

100 
90 
90 
200 

100 
(100) 


100 
180 

160 

140 
160 

140 
40 
60 


Arabia and Oulf of Adtn 
India-Pakistan Wtst Coast 

Bay of Btnjral 


India- Pakistan East Coast 
Burma 
Thailand-Malaysia 

Indontsia 


Wtsttrn Australia 


South Australian Coast (to 130E) 


RtdSta 

Ptrsian Oulf 


Nadairatoar 


Ootanio Islands 




TOTAL 


3,000 




1,600 





Hott - Braoktts dtnott approximation 

Ixotpt for tht rtlativtly vidt shtlf sonts in tht tasttrn stotor of tht Arabian Sta, tht tasttrn 
totor of tht Bay of Btngal and tht north-northwtst ooatt of Australia, tht oontintntal shtlf of uoh 
of tht Indian Ootan and adjaotnt atat it txtraatly narrow and in plaott prtcipitous. Aloof tht Bast 
African ooatt. tht 200 m contour lint it in many plaott Itss than 4 ka from short. In addition to tht 
narrow shtlf, coral rttfa and coral outcropping art found throughout tht arta, tsptoially along tht 
Afrioan ooaat. 

Tht Rtd Sta txttndt in a gtntral northwttt-southtast dirtotion for about 2,200 km and hat a 
mazioum width of 352 ka in tht vicinity of Mattawa in tht south. Tht avtragt dtpth of tht Rtd Bta 
it about 700 m, with tout dttp pocktts txottding 2,000 m. Tht northtrn stotor hat tost shallow an 
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which are trawl able, e.g. in the Gulf of Sue*, bat for the most part the northern water* art considered 
to be too deep for trawling. The continental shelf widens in the central and southern Red Sea and in 
one areas in the south sector the shelf extends for more than 11 km offshore* 

The Persian Oulf is a relatively small body of a water covering approximately 239,000 km 2 with an 
average depth of 39 * and a maximum depth of 150 m. An indication of the extent of shallow areas is 
indicated ia the northern sector, off Iraq, where the depth is only 8 fa 46 km offshore. 

2. HYDHOORAPEr 

2.1 Currents 

The striking feature of the surface currents in the Indian Ocean is the reversal occurring in the 
northern parts - Arabian Sea and Bay of Bengal -following the changes in the wind system with the 
monsoons. This has no close parallel in other oceans. 

The current system ia the southern Indian Ocean is similar to those in the Atlantic and Pacific. 
The South Squat o rial Current flows westward at around 10S, dividing as it approaches ths African coast. 
The southward flowing arm brenohes each side of Madagascar, uniting to form the Agulhas Current. The 
West Wind Drift, and a weak and rather confused northward flowing current off Western Australia, 
completes the anti-clockwise gyre in the southern Indian Ocean. 

In the northern Indian Ocean, during the southwest monsoon (April-September) the Somali Current 
flows northwards along the coast of Africa as a swift and narrow current; speeds as high as 7 knots 
have been reported (Swallow 1965). The width of the Somali Current at the Equator has been estimated 
at 9 km and the current widens to about 74 km farther north. At the height of development! the Somali 
Current reaches as far north as 12N lat. ; however, most of the water leaves the coast and flows in an 
easterly direction as the Monsoon Current south of 10N lat. 

In the Oulf of Aden, the flow of the surface current is from the Oulf into the Arabian Sea from 
June through August. Along South Arabia, the currents are weak and move in an east and northeasterly 
direction; along India, the flow is in general southerly. 

In the Bay of Bengal , the flow pattern during the southwest monsoon period is generally northeast. 
Upon reaching the continental ooast, most of this water turns southward and flows along the continental 
shelf. South of Sumatra, the current flows southeasterly along the ooast of Sumatra and merges with 
southeast Asian water flowing into the Indian Ocean through the Timor Sea. These waters form the basis 
of the South Equatorial Current in the Indian Ocean. It should be noted that during some months there 
is a southerly flow of water along the east ooast of India. 

The northeast monsoon ( October-March) brings about considerable changes in the circulatory pattern, 
especially in the northern seas. The Somali Current reverses direction and flows southerly from December 
through February. Surface current flow in the Gulf of Aden is from the Arabian Sea into the Oulf. For 
ouch of the northern sector of the Arabian Sea, the surface currents are weak and variable with no one 
direction generally prevailing. For a brief period, November-December, a weak current flows northward 
along the ooast of India. In the Bay of Bengal, a cyclonic circulation oooupies the entire Bay in 
February; however, this pattern does not prevail during the entire northeast monsoon period* 

2.2 Upwelling 

Zones of upwelling have been discovered in various local ities throughout ths area under considera- 
tion. In the Arabian Sea, one of the most pronounced tones of upwelling occurs in waters off South 
Arabia from Kuria Muria Bay to Has al Haad during the southwest monsoon. The upwelling appears to be 
seasonal; there is no evidence that upwelling occurs during the northeast monsoon. 

In ths Arabian Sea, a second pronounced area of upwelling occurs off northern Somalia within 40 km 
of the ooast (Swallow 1965). Although the oold water is rich in nutrients, there is vsry little 
evidence of a high level of biological activity. A high standing crop of plankton is evident only 
in the northern part of the oold water area, in the vioinity of Cape Ouardafui. 

In the Bay of Bengal, La Fond (1958) reported areas of upwelling along the east ooast of India 
during the southwest monsoon. Wyrtki (1961) indicated that some upwelling seems to develop in ths 
Andaman Sea during the northeast monsoon. 
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Possibly tht most important upwelling occurs in the eastern Indian Ocean south of Java. Wyrtki 
11962) estimated the extent of the area of upwelling as 400 km wide and 1 f 200 km long. He computed 
the pate of flow of water as 2.4 million m3/seo. 

Another area of upwelling in the eastern Indian Ocean occurs off the northwest coast of Australia. 
Rochford ( 1962) showed that in the area of upwelling the inorganic phosphate values in the surface 
waters measured 0.3 p* *Vli values considerably higher than the 0.1 pg at/1 for adjacent waters. 

A general review of the upwelling areas of the world, and their biological productivity has been 
given ty Gushing (1969). 

3. PRIMART PRODUCTION 

Except for some areas along the west coast of India, eastern south Africa (Burohall 1968), and 
the west coast of Australia, very little published information is available on primary production of 
coastal waters in the Indian Ocean. Undoubtedly, efforts during the International Indian Ocean 
Expedition (IIQE) have added considerable amounts of biological and ooeanographic data to the fund 
of information of the Indian Ocean; however, data on phytoplankton and socplankton are still inadequate 
for proper evaluation of the total annual standing crop in time and space. 

fyther and Mensel ( 1965) provided some indication of the richness of the waters off South Arabia. 
On two stations occupied off the Gulf of Oman, they obtained values of 5.7 and 6.4 gC/m 2 /day, values 
which compare favourably with waters off Peru. As shown in the Atlas of the Arabian Sea for Fishery 
Oceanography (Wooster et al. 1967) f data on primary production in the Arabian Sea are sparse and 
inadequate to provide anything but a general indication of the production of the northern Arabian 
Sea. For the June-July-August period data, only five C 1 4 observations were available to Wooster et al. 
(1967). Undoubtedly, more measurements have since been made; to date these data have not been made 
available. It is doubtful, however, that all of the observations made to date add to a large total. 

Subrahmanyan (1959) provides the only estimate of the phytoplankton production for the entire 
west coast of India. He considered an area 1,200 mi (2,000 km) long (coastline of west India) ty 50 mi 
(90 km) wide and estimated the production to be 1.813 million tons. 

4. ZOOPLAinCTON 

Much of the sooplankton data collected during HOB are still being processed and analysed. It 
is doubtful, however, that these data are sufficient to give more than a generalised view of the soo- 
plankton distribution in coastal waters of the Indian Ocean. Tranter (1962) estimated the average 
standing crop of sooplankton from the Australian continental shelf waters as 100 mg/nH and less than 
50 mg/BJ for the open ocean. He further indicated that the waters of the upwelling area off north- 
west Australia were as rich as waters over the continental shelf. 

The standing crop in the Indian Ocean was included in the world summary given to Bogorov et al. 
(1966). These studies show few rich areas in the Indian Ocean. A density of 200 mg/m 3 , found in most 
of the fertile areas of the North Atlantic and North Pacific, and a large part of the upwelling areas 
off the western Americas and west Africa, is reached in the Indian Ocean only on a narrow band along 
the western Indian peninsula, and off southern Arabia. The general level in the coastal areas is 
100-200 mg/n5. 

5. FISH STOCK AND FISHERIES 

The marine catch from the Indian Ocean and adjacent seas is about 2 million metric tons (see 
Appendix Table H1). On the basis of yield per unit surface area, tha Indian Ocean yield was only 
about 1/5 of the Atlantic and the Pacific yields (Shomura et al. 1967 ). Much of this relatively low 
yield can be attributed to the low level of fishing effort, using for the most part primitive gear 
of the type employed in subsistence fishing. Fishing in many parts of the coastal waters of the 
Indian Ocean, especially along Africa, is still carried out in non-motorised boats with simple gear. 
Large-scale fishing with large vessels is confined to (1) the high seas longlining for tunas sad bill- 
fishes conducted to fishermen of Japan, USSR, China (Taiwan) and more recently Korea, and (2) bottom 
trawling and purse seining, in the Gulf of Aden and waters off south Arabia, ty USSR, southern European 
and Japanese fishing vessels, though this has been effectively halted since the closure cf the Sues 
Canal in 1967* 
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$.1 The fiaheriea 

(a) Eaat African Coaatal Region (South Africa, Moaanbique, Tantania, Kenya) 

Much of the fiahing carried out along the eaat African ooaatlina ia of a eubeietenoe type and 
confined to the immediate ooaetal watere. Preeently, the fiah apeoiea exploited include Sardine 11 a. 
eoorfiehea, aharka, and varioue domareal and pelagio fiahea which are oaught throughout the area. 
Recent at tempt a to oatoh eardinea and other nail aohooling pelagio fiah with puree aeinea and etiofc- 
held dipnate (bouke-aai) uaing light in Tanaania watere have met with fair auooeaa. Gatohaa in tha 
puree eeino fiahexy have averaged 1.8 tont/boat/night during tht period 1963-6. 

Vexy little experimental bottom trawling hat been conducted in thia area, for the moat part, the 
reeulte have bean negative and indicate that trawl gear cannot inoreaae the fiah yield in eaat African 
watara. The laok of auooeaa haa been attributed to the oxtenaive coral outoroppinga in thia araa and 
to the narrownett of the continental ahelf. Trawling, however, thould not be ruled out, ainoe moat of 
the trawling waa done ty large veaaela working in thallow depthe. It ia poetiblt that euooeeaful 
reeulte could be aohieved with email trawlere. A timilar tituation exiated in the Oulf of Thailand, 
where only after the introduction of offahore trawling with email boata and email neta did the fiahexy 
flourieh (Tiewa 1966). 

(b) Arabian Sea 

Vexy little fiahing ia carried out in weetern Arabian Sea, more beoauae of the laok of market t for 
a local fiahaxy than through laok of fiah. A rough eatimate of 100,000 tona haa been made for the oatoh 
of aardinella in Nuaoat and Oman, oaught oloae along the ahore. Recently a number of long range 
trawl era from Greece, USSR and Japan have worked off the aouthern ooatt of Arabia and northeaat ooaat 
of Somalia, reporting oatohea of tome JO tone/day; the number of thoae thipt haa deoreaaed ainoe the 
Suet Canal waa oloaed. 

Important ahrimp fiahtriet, diaouaaed in detail in another chapter, have developed in the Peraian 
Oulf, and along tha Pakiatan and Indian weat ooaat. 

The Indian weat ooaat alec aupporta important traditional fiaheriea, particularly the eeaaonal 
fiahexy for aardinella and mackerel. Thia fiahexy, and the other fiaheriea for ahrimp and bottom fiah, 
are all carried out \gr medium to email veaaele with a limited radiua of action. 

(o) Bay of Bengal 

In the northern parta of the Bay of Bengal the fiahing aaaaon begina in lovember and enda in 
Pebruaxy, principally beoauae of the rough weather brought on \g the aouthweet monaoon. The fiahing 
gear oonaiata primarily of drift neta, eat neta, ttake neta, and longlinea. Trawling for demeraal 
fiah ia oonduoted throughout the area. The moat important fiahexy in Saat Pakiatan ia for the thread* 
fin (Polynenut indioua). 

The fiahexy retouroet along the Indian Ocean ooaat of Thailand were until recently virtually un- 
tapped. Marketing problema, primarily reaulting from the long diataaoea from population oentrea, and 
tha emphaaia on trawling in tha Oulf of Thailand have until recently retarded the development of the 
weat ooaat fiaheriea. 

The Thai fiahexy in the area haa expanded vexy rapidly ainoe 1966, many fiahing boata being 
tranaferred from tha eaat ooaat, and newer and larger boata (20-25 ) &*? * built. 196? oatohea 
of mackerel ( Rattrelliger) ty Thailand were around 45,000 tona. Tha longer eatablithed Malay fiahexy 
in the Strait of kalaooa ia at preaent at around the aame level. 

(d) Indoneaia 

Tha eatimated oatohea for tha eouthoxfi ooaatt of the Indoneaian ialanda bordering the Indian 
Ocean are provided in Appendix Table H1. The oatoh for Indoneaia waa obtained ty taking 25)1 of tha 
total Indoneaian marine oatoh. The baaie for thia aeparation ia that the available literature, which 
ia extremely limited, indioatea that moat of the fiahing takea place in tha northern watara. The 
important apeciea inolude eardinee, aitohovioe (Stolephoma app.), mackerel, mackerel acad, and akipjaok 
tuna. One of the moat important fitheriet for aardine oooura in the atrait between eaat Java and Bali. 
All the fiahing ia carried out by email boata, uaually oloae to ahore and with aimple equipment. 
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() Western Australia 



- . T 5* ?f tohei of ttih C ln tha n*?ow sense) round western Australia AM voiy small. Sot* catches 
of Australian salmon (Arrlpis trutta) art taken inahort along the southwest coast, and local fisher- 
men take a variety of other species in snail quantities. Japaneee trawl ere have worked occasionally 
off the northwest coast. Ths large fisheries are for crustaceans, whloh are dieoueeed In the relevant 
ohaj*er. Ths stocks of orayfish (spiny lobster, Panulirus oygnus) seem tally exploited in the proocnt 
areas, bat offsr potential for expansion from Shark Bay and Sxmouth Oulf northwards. Ths shrimp fishery 
has been expanding steadily northwards to Shark Bay and Exmouth Oulf. 

(f) Red Sea 

Presently the major fisheries in the Red Sea are the sardine fisheries In the northern part of the 
Red Sea y and along the Ethiopian coastline, and the bottom trawl fishery in the southern waters of the 
Red Sea. Ben Tuvia (MS), who provides the most comprehensive review of the flshsrlss in the Bed Sea t 
indicated that the northern waters did not appear to be productive enough to support much more than is 
being taken at present. To date, efforts to harvest tunas in commercial quantities with purse seine, 
longlins, and gillnets have met with little success (Ben-Yami 1964). Also, the purse seine and light 
method used successfully to oatoh sardines and other small pelagic fishes in othsr areas has not been 
very successful in the Red Sea. 

(g) Islands and banks 

With some exceptions, e.g. the trawl fishery of Ceylon and a small tuna fishery operating from 
Miniooy Islands in the Mai dive Island Chain, most of the island fisheries have been of the subsistence 
type using predominantly handlines, set nets, and traps, catching a variety of species, mainly bottom 
living species. In Madagascar, a shrimp fishery for export has recently dsvslopsd. 

5.2 Statistics 

Basic oatoh and effort statistics are virtually non-existent for much of the Indian Ocean. In 
many areas, some subsistence fishing undoubtedly gees unrsported, there V under-estimating the) reported 
total catches. In othsr areas, e.g. Burma, ths reported oatoh has not changed over the years, a con- 
dition highly improbable and one which indicates a lack of complete data. 

Ths fisheries of western Australia, especially ths crustacean fisheries, have probably the) best 
statistical fair statistics are also available for the fisheries of India. Long-range fishing, except 
for tuna, is still very uncommon, so that information on place of landing also gives good information 
on place of capture. 

9*3 Stock assessments 
(a) Demersal fish 

Ths Wedge Bank off ths southern tip of India, with an area of 4,000 n.mi 2 (13,500 km 2 ) is oas of 
ths fsw areas where even approximate assessments can be mads. It has been fished for many years by 
trawlers from Ceylon, and thsrs exist good records of theee operations, whloh have been going on, with 
interruptions, for some $0 years (Men die 1967). It has also bean fished by Indian vessele from Tamil 
Hadu and Kerala ooasts, but statistics of these catches are not available. 

Until 1966. only two or three trawlers operated, but recently five new stern trawl ere have been 
added to ths fleet. Ths total oatoh in 1967 was 2,000 tons, compared with peak production In early 
years of under 1,900 tons. (These figures exclude quant itiee of low valued fish rejected at sea, 
estimated IB/ Mondls as some 200). 

Siblings* (1966, MS) has studisd ths rslation between the amount of fishing and the catch per 
unit effort /considering separately three groups of species; the larger resident species (snappers, 
oto.)? sSior^ilSnt opoolos, and migrant, (mainly carangids), the last being only caught la ^entity 
*& t^ewthwe.rmoneoon. For ths big fish, ho noted a decline in both catch per unit effort and 
average sise when fishing was increasing, and deduced that the maximum sustained yield of thooo speoiss 
*m aramd 900 tons. The oatoh per unit offort of smaller species showed no decline, probably booms 
^a^^orlifo-sian, loss intense fishing, and a possible switch la fishing attention otto these 
as the larger ipooios dodinod. Though in the period studied the omsllor species never totalled more 
than half So largor species, it is probable that thoir potential is as largo. The heavily exploited 
aroa* J/L a ^EtloTof tho total bank - estimated by Sivalingam (W oo 1 f 2JO n.i* out of the 
total of 4,000 n.mi2. Ths dansity on the unexploited areas is presumably less, but even If It la only 
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half that of the exploited areas the total potential in the former area* would be slightly greater. 
Altogether, Baking tone allowance for migration between exploited and unexploited areas, the total 
annual potential of the two first groups of speoies on the whole bank may be rather more than five 
times the potential of big fish in the exploited parts, say 2,500-3,500 tons. 

The aost recent information of the specie* composition of the trawl catch has been given \y 
Fernando (in press); 66% were resident species, the rest being migrants, appearing only in ths south- 
west monsoon, nearly equally divided between oarangids, lasmobranohs, and oatfish (Netuma thalassinus). 
Sinos ths migrants appear in the oatohes for half ths year only, it is a rsasonabls supposition that 
the ratio of potential to present oatoh is twioe that for resident speoies. This implies a total 
potential of 5-7 000 tons. 

Two independent estimates of the fish stocks have been made. Nendis ( 1963) estimated the total 
standing stook, from trawl oatohes, and the area swept ty the trawl, as 18.5 Billion lb, or 8,500 tons. 
Using ths formula, potential - 0.5 x unfished standing stook x natural mortality, this would be con- 
sistent with ths above estimate if natural mortality were 1.2-1.6; these seem rather high, but Nendis' 
data referred to a period of moderately heavy exploitation, when the standing stook would be less 
than in the unfished condition. The two estimates are, therefore, in fair agreement. 

Nendis (1967) also obtained estimates based on the primary production of the potential fish 
production of 54 million lb (25,000 tons) of all speoies of fish, 65 of which would be good quality. 
This estimate is very sensitive to the precise figure used for the efficiency of transfer from one 
trophic level to another, as well as to the position of the fish in the food chain. It, therefore, 
agrees moderately well with the other estimates, bat suggests that the upper figure (7,000 tons) is 
perhaps ths more likely. This implies a potential of bottom fish of about 5 kg/ha. 

A rough assessment osn also be mads for the area off Karachi. Zupanovio (FAO internal reports) 
has noted that locally fishing appears very intense, and the local stocks are probably fully exploited. 
This applies only to depths out to about 15 fm (30 m) and to the area close to Karachi, i.e. to a strip 
about 2O-25 a.mi wide, and perhaps 80-100 n.mi long, with an area of oa 7,000 km 2 . Landings of demersal 
fish at Karachi averaged around 20,000 tons in 1965-7, presumably mostly from the heavily fished area, 
equivalent to a yield of a little under 30 kg/ha. Assuming that this could be inoreased somewhat ty 
better management, the potential might be as much as 40 kg/ha. 



A quantitative survey of the ocean banks, e.g. ty trawling, is made difficult by the rough ground. 
Wheeler ( 1953) lost three trawls without catching a fish, and based his estimates of standing stook on 
line fishing. His technique was to allow the ship to drift sideways, thus effectively sweeping an 
area equal to the length of the drift times the width, taken as 40 ft, the distance apart of the out- 
side lines. Clearly this could easily result in over-estimates if fish are attracted in from outside 
the path (especially likely for sharks), or an under-estimate if not all the fish in the path take 
the bait. In particular, the smaller fish will be greatly under-estimated. However, the data do 
provide a first estimate of the standing stook. 

These estimates, derived from the data of Wheeler (1953, section VI) are given in Table B2. The 
totals differ from his totals of 1.1 million tons of fish, and 0.8 million tons of sharks because 
there appears to be an arithmetical mistake in his estimate for the Sava de Mai ha corpus. Making 
allowance for the other banks and islands, e.g. the Maldives, not included in Wheeler's study, suggests 
a total standing crop of about 0.5 million tons of larger bottom fish, and sharks. 

For sharks, the above figures are more likely to be an over-estimate than an underestimate of 
standing crop; also, due to the low fecundity and long life of sharks the potential yield is probably 
a small fraction of the unexploited standing stock. Probably the potential yisld on ths banks is no 
more than around 100,000 tons, unless there is continual immigration from the open oceans. 

For the other fish (Lutianus spp., Lethrinus spp., etc.), the standing stook is less likely to be 
over-estimated, and the potential is likely to be a bigger fraction of it. Little is known of ths 
average life-span of these fishes. There is moms general experience with reef fisheries that initially 
high oatoh ratss cannot be maintained, which suggests a low rats of replacement, and presumably also 
of mortality. However, ths natural mortality In tropical waters, even of relatively long-lived fish, 
may be higher than is common in temperate waters, so that the potential may be half to a quarter of 
ths unexploited standing crop. Allowing for some underestimation of this latter, ths potential of the 
larger bottom fish may be around half the estimated standing crop, in Table R2, i.e. 0.25 million tons 
(the figures of 9-8 and 2.8 million tons given by Wheeler appear to be due to a confusion between 
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total quantity and quantity per mi 2 , on tha Soudan Bank). Thia is equivalent to about 12 tons par mi 2 
OP 3.5 tons par Jon*. This is about a littla greater than tha existing yislds astiaatad by Wheeler for 
tha waters around Mauritius (10 tons/mi*) f which were believed to ba ovar-axploitad. 

No astinata ia possibla of tha potential of tha smallar raaf fishes, not vulnerable to tha type 
of lina fishing usad by Wheeler. 

Tabla H2 - fistimataa of standing orop of larga fiahas and sharks around tha islanda and banks of tha 
western Indian Ocean ( darivad from Whaalar 1953) 





Fiahabla area 
(n.mi2) 


Tons/mi 2 
Fish Sharks 


Total standing orop (tons) 
Fish Sharks 


Chagoa 












Speakers Bank 


216 


39.4 


48.3 


8,510 


10,432 


Paros Banhoa 


117 


31.2 


4.5 


3,650 


-526 


Great Chagos 


2,000 


41.3 


65.3 


82,600 


130,600 x 


Pitt Bank 


100 


5.6 


53.1 


560 


3,310 


TOTAL 


2,433 






95,320 


144,868 


Oceanic Banks 












Hawkins Bank 


70 


(i)J/ 


(30)J/ 


70 


2,100 


Soudan Bank 


240 


8.5 


5 


2,040 


1,200 


Naxareth Bank, south 


900 


8.5 


6.9 


7,650 


6,210 


Kasarath Bank 


3,100 


22.3 


7-5 


69,130 


23,250 


Sava da Mai ha, coccyx 


100 


2.1 


62 


210 


6,210 


11 M M corpus 


4,450 


26.9 


18.3 


119,705 


81,435 


H it n cervix 


700 


48.4 


65 


33,880 


45,500 


n n caput 


150 


26 


67.3 


3,900 


10,095 


Fortune Bank 


126 


5.2 


84.3 


655 


10,622 


Constant Bank 


200 


8.8 


41.5 


1,760 


8,300 


Amivantea 


640 


26.6 


23.7 


17,024 


15,168 


TOTAL 


10,676 






256,024 


210,090 


Seychelles 


3,000 


15-5 


18.7 


46,500 


56,100 


TOTAL (n.mi 2 ) 


16,109 


24.7 


25-5 


397,844 


411,058 


TOTAL (km 2 ) 


55,300 


7.2 


7.4 







Nota * \J Estimated from oatoh par man 

Coastal trawling 

In tha wastarn Indian Ocean (off the Arabian and African ooasts) little exploratory fiahary has 
been dona* Some experimental trawling has been dona by Kenya and by tha East African Marina Fisheries 
Research Organisation. Catohas of talaoata hava been light, and this may ba attributable to tha clear 
water, and tha faot that most of tha damaraal fiah live near tha coral, 



where trawla cannot ba usad. 



In tha northam and aastarn part of tha area - in tha arc from Wast Pakistan around India to 
Malaysia - there has been during tha last daoada a larga amount of exploratory and research trawling, 
much of which, and also a summary of earlier survey e f was reported to tha 1968 IPFC Symposium on 
Damarsal Resources (Rao in prass). Thaaa operations wara carried out by a variety of different vassals, 
using a wide range of gears, and operating in different ways - on a aemi-oommaroial basis, with fishing 
concentrated on tha bast area*, or on a pradatarminad grid, ato. Too muoh, tharafora, should not ba 
made of thasa data in tha way of datailad comparison between areas, though they can ba usad to provide 
a rough guide to tha potantial, particularly tha spaoiaa composition, and tha depth diatribution. 
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Exploratory ftahing off Hoot Pakistan hM boon described Igr Hussein at al. (in proaa) | those 
oporatioaa, *y M.I.V. MAQBBBRA ($2 tons, 120 HP engine) were roatriotod tTwatora within 70 mi. In 
oat areas, o.f. off Karaohi, oatoh ratoo have boon foiling durinf the poriod of the surveys ( 1960-7) i 
and this deoreaae appears to be duo to tho heavy fishing there. Tho average oatoh por hour waa 44 kg - 
or 0.37 **VBP/hour. Of thla a proportion 10-30* HM inedible or unmarketable fiah which woro diaoardad 
at 



Furthor exploratory fishing in tho offshore waters of West Pakistan (outside 12 mi, down to 1,000 m) 
waa oarriod out in tho early part of 1969 ty USSR vsaaels, in collaboration with Pakistan. In the 
western part, to tha Rao Nalan Capo tho narrow shelf and steep continental shslf offered no suitable 
trawling grounds. In tho other part, off Karachi and tho aouth of tho Indus, some good oatohoa woro 
takon. Botwoon 25 a and about 100 a oatohoa \y tho vessels (RFM and SRTN type) waro around 1.0-1.5 
tonsjbour or about 0.2-0.3 kg/HP/hour. Beyond 100 a oatohes tended to daoraaao, becoming small a* 300 m, 
and tha limited number of hauls between 800 a and 1,000 a oaught virtually nothing. 

Tho results of tha exploratory fishing ty Government of India vessels botwoon 2310 I V and 15* has 
boon auaaariaod ly Rao ot aj. (in proaa). Tho larger vessels (oa 300 BHP, 120 QRT) averaged 194-387 kg/ 
hour ia different latitudinal aonoa, the lowaat being at 1dN, aouth of Bombay, and oatohaa increasing to 
tha north and aouth, being approximately equal at 22ff (365 kg/hour) and 15N (387 kg/hour). Some, at 
least, of tha differences aay be duo to tho heavier fishing around Bombay. 

In terms of dapth, best oatohaa waro between 50 and 60 a (365 kg/hour), decreasing to around 
100 kg/hour both in deeper water (80-90 a) - though fow hauls woro aado at thia dapth - and in shallow 
watar (<10 a) - though tha smaller vaaaals aay have aado relatively more hauls on those dsptha. There 
appeared to bo a tendency for tha optimum dapth to increase froa aouth to north. 

Slightly different variations of oatoh rataa with dapth for oatohoa ly commercial bull-trawlers 
froa Bombay were noted ty Rao (1969). Moat fishing (oa 7d) waa dona between 25 and 45 a, with oatohos 
around 900 kg/hour. About tho same weight par hour waa oaught in shallow water, but woro loaa valuable 
apaoioa - nearly half of thoaa in tho 16-20 a aono waro elaaaobraneha. Oatehoa in deeper water decreased 
to only 420 ktfhour in 71-75 a, tho deepest sone fished. 

Tho aeaaonal range ia oatoh rates waa relatively small, perhaps surprisingly so in view of tho big 
environmental changes due to tho aonsoon; tho bast aonth waa August (310 kg/hour) and tho worst January 
(166 kg/hour). 

Trawling in tho south-western region (froa Cape Coraorin to 15N) has boon described by Rao (1967, 
1969). Tha area inoludaa some rioh shrimp grounds, discussed separately, but fiah oatohes waro rather 
poor, around 100 kg/hour, but higher in tho north (off Mangaloro) mainly of small aiaad uneconomic 
varieties. Towards tha and of 1967 the surveys wore extended into deep watar off Coohin where good 
oatohoa of deep sea prawns (Parapandalua, Aristaoua, oto.) woro takon (Rao in proaa), but it ia not 
known how largo tho fiah oatohoa ware. 

Catohes off tho aaat ooaat of India have boon discussed ty Rao (1969). Catoh rataa tended to 
increase from south to north, and woro generally lowar than on tho Indian west ooast. Government of 
India vessels froa tho Tutioorin base operating between Cape Coraorin and Pondiohorry ( 12) averaged 
106 kg/hour in 196 1-5 i those from the Viaakhapatnaa base (mainly fishing between 17N and 21N), 
averaged 120 kg/ hour. Rathor highor rates (210 kg/hour) woro achieved by Indo-Vorwogian Project 
vaaaala fishing in tho Oulf of Hsnnar and Palk Bay, but nearly all tho oatoh (over 9tyt) waro low 
valued silver bailies (Laiognathidae). 

Surveys in tho northern part of tho Bay of Bengal have been oarriod out in collaboration botwoon 
PAO and Wast Pakistan (PAO/UN 1965, internal reports of the UNDP(SF) project). The best fishing (up 
to 500 kg/hour) is ia a band about 20 km wide between 5 and 30 fn (10-60 a), extending froa off the 
Indian border to Coxes Baaar. Catohoa in water deeper than 60 a were very poor. 

Observations off southern Burma have boon reported ty Bruahinin and Blaing(in proaa). Catohos of 
P.V. LIBZIV (250 tona, 500 BP) averaged around 200 kg/hour, being rather higher in the southern 
(around 13H), than in tha northern (oa 14H) part of tho survey area. 

Finally exploratory fishing has recently boon oarriod out ty Thailand off her west ooaat; oatohos 
have boon comparable with those in tha Oulf of Thailand in tho poriod before tho development of large- 
scale trawling. 
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Most of thOM arou aro way lightly fi.h.d f P d.r B al p.oi.., oxoopt vwy olo.. IMhort. T*o 
oxooptioa it off th. w.t oeMt of India wd Pakistan, oipooially noar Bortay d Karaohi, utoro fih- 

* i !!I ^'P 1 *! *" * toh '* in * * good. Fishing is ilw homy wound Coohin, 
?^4 S P "^"f!' " h * *<* of firt art poor, it appears, tteroforo, that tho part* of tho 
Indian Oooan Sholf aroa oororod tar thoto urv.y. oan b. roughly grouped into throo olaM.it 
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India-Paki.tan mot oout, fro. Karachi 



Pain Littlt "Ploittd - fair catch rattt, or tzploittd * poor oatoh rati t Indian wt.t ooaat, 
outh of 15V| northora and eatttrn ooaata, Bay of Bangal 

Poori Littlo txploitad - poor oatoh rat.. (150 kg/hour, or !), Indian aaat ooaat 

To oonvart tbaao qualitativt datoriptiont into qaantitativa aatiaataa, tha only data from tha araa 
ara tba aatiaataa abova - 5 Wha on tha Wad** Bank, and 40 kc/ha off Karachi. Tba baaio productivity 
off Karachi ia hifhtr than on tha Wadga Bank, bat tha diffaranoa ia not ao graat aa tha 1s8 ratio in 
fiah potential. It nay ba that tha lowar figura doaa not taka full account of tha amallar and laaa 
valuabla apaoiaa not .ought out by tha trawl.r.. 

Two othar figuraa for tha Indo-Paoific ration hava baan obtain.d in tha aaotion on tha Waatarn 
Gantral Paoifio * 25 k/ha in tha Y.llow S.a, and SO k/ha in tha northarn part of tha Oulf of Thailand. 
Putting thaaa together auggaata potential annual yialda par unit araa of $0 kg/ha in tha rich aona, 
25 kg/ha in tha intermediate tone, and 10 kg/ha in tha poor aona, though thaaa figure* ahould ba oon- 
aidarad only aa rough approximations, with a range of perhap. t 



Thaaa e.timates, again in default of anything better, may ba extrapolated to othar parti of tha 
Indian Ooean. To tha we. t ward, it appear, likely, from tha ooaanographioal conditions, that tha rich- 
naaa of tha ground* off tha northwaat Indian peninsula is continued round tha ooaat of tha Arabian Sea, 
including tha aaat ooaat of Somalia, probably as far as 5N Tha re.t of tha ooaat of aaat Africa 
south to tha Zambesi app.ars to ba unproductive; in any oase, tha shelf ia narrow, ao that tha total 
bottom resources are small and tha steepnes. and roughness of tha bottom makes bottom fiahing r at laaat 
with nata, difficult. Further aouth, tha potential may ba rathar higher. In dafault of furthar evidence 
tha danaity of atooka round Madagascar will ba assumed to ba similar to that off tha African ooaat. 

Thaaa vary rough estimates for tha bottom resources of tha western Indian Ooean may ba aiimmariaad 
aa in Tabla H3- 

Tabla H3 - Potential demersal resources of tha ahalf regions of tha western Indian Ocean 



Region 


Aroa 

('000 km 2 ) 


Dmoity 
(kg/lia/y.ar) 


Potential 
('000 tons/year) 


South Africa 


140 


25 


350 


Noaambiqua 


120 


25 


300 


Tanaania-Kanya 


10 


10-20 


10-20 


Somalia (2S-5N) 


50 


10-20 


50-100 


Somalia (north of 5N) 


70 


50 


350 


Arabia and Oulf of Adan 


80 


50 


400 


India-Pakistan (north of 15N) 


245 


50 


1,250 


India (aouth of 15N) 


75 


25 


180 


Rad Saa 


180 


10 


180 


Paraian Oulf 


240 


25 


600 


sTariafABfiai' 


210 


25 


525 










TOTAL 


1,420 




4,225 


Oooanio I land* (largor fioh only) 






250 


TOTAL, all bottom fiah 






4,475,H3T 4,500 
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A similar extrapolation can be made to the south-eastward* The art* off Malaya is probably similar 
to that off Thailand, i.e. with a Moderate production. 

Little is known of condition! along the western ooasts of Indonesia, but there is at least local 
upwelling, and productivity may be high. 

Japanese trawlers have worked off northwest Australia, but not very intensely or for a long period, 
so that the potential is probably no more than average. 

The potential of the eastern part of the Great Australian Bight was considered in the chapter on 
the Southwest Pacific. It appears to be a very poor area, with a potential estimated from exploratory 
fishing, at only 0.5-3 kg/ha. Probably the southern Australian coast, west of 130E,has a similar 
potential of say 2 kg/ha. 

The potential bottom fish oatohes for the eastern Indian Ocean can be summarised as in Table H4 - 
with the reservation that the estimates are in all oases very tentative. 

Table H4 - Potential bottom fish resources of the shelf areas of the eastern Indian Ocean 



Region 


Area 
(000 km 2 ) 


Density 
(kg/ha/year) 


Potential 
(000 tons) 


India-Ceylon (south of 20N) 
India-Pakistan (north of 20N) 
Burma 
Thailand-Malaya 
Indonesia 
Western Australia 
Southern Australia 


85 
105 
250 
170 
130 
380 
260 


10 
25 
25 
25 
50 
25 
2 


80 
260 
625 
425 
650 
950 
50 




TOTAL 


1,380 




3,040, 


say 3,000 



(b) Pelagio fish 

There seems little doubt that the small shoaling pelagic fish (sardine, anohovies, mackerels, etc.) 
form a large resource in several parts of the Indian Ocean, especially in the Arabian Sea, and one 
that is less than fully exploited (e.g. Panikkar and Dwivedi 1966). There is, however, very little 
information from which this general impression of rich resources oan be expressed in a quantitative 
form. 

The biggest present oatohes of pelagic fish are taken off the Indian southwest ooast. The most 
important species is the oil sardine (Sardinella longiceps) of whioh the catches fluctuated widely. 
The worst reoent year was 1956 (7,400 tons) and the test 1964 (274,000 tons) (Prabhu 1967)? in the 
last few years oatohes do not seem to have fluctuated so much (Appendix Table H2). The reasons for 
the fluctuations are not known with complete certainty. Possible reasons are real changes in the 
abundance of the stocks (year-class changes), or changes in the pattern of migration (nearly all fish- 
ing is done close inshore, and if the fish remain offshore oatohes would be low). Bennett ( 1968) 
suggests the fluctuations are of year-class strength, correlated with the abundance of the existing 
stock. 

There is no evidence that fishing is having any serious effect on the stock; equally, the natural 
fluctuations are such that fishing oould be having a large effect without being deteotible, especially 
since the same pattern of fishing - large number of small inshore vessels - has been in existence with- 
out much change. Also there are no good records of total fishing effort. 

The same remarks hold good of the other major pelagic fishery round India, that for Indian mackerel 
( Rastrelliger kanagurta) . Pishing takes place on both ooasts, and reoent oatohes have fluctuated 
between 25,000 ( 1964) and 130,000 tons (1960) ( Venkat avaaan 1967). 

Substantial and increasing oatohes of mackerel (R. kanagurta and R. neglect us) are being taken by 
Thailand and Malaysia on the eastern side of the Bay of Bengal, and iiTthe Strait of Malacca; it is 
believed (Menasveta personal communication) that the Thai and Malaysian fishermen, each taking 40- 
45,000 tons of fish in 1967, are harvesting the same stocks of mackerel . The Thai fishery or the 
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Indian Ooean ooaat has developed very recently, and though results of stock assessment studies are not 
yat available, it ia likely tha affacta of thia nan fiahery will aoon become apparent, and enable 
aoma quantitative estimate of tha raaooroaa to be made. 

In tha othar fiahariaa in which aubetantial quantities of pelagic fiah are probably caught along 
tha ooaat of tha Arabian peninsula, and off Indonesia, reliable information even of total oatoh ia 
not available, still less any data from whioh assessments could be made. 

Eggs and larvae 

Widespread collection of fiah agga and larvae were made during tha International Indian Ocean 
Expedition (lIOE), but have not yat been fully worked up and published. An analysis of tha numbers 
of agga and larvae, without distinction of species, has been made by Peter (1967)* Tha maximum con- 
centration of agga (ovar 400/haul) occurred east of Soootra Island, and in tha Oulf of Oman* 
Larvae ware oommon in thaaa areas, and also off tha central part of tha Indian waat coast, and at 
tha haad of tha Bay of Bengal. A preliminary examination haa been made of tha apaoiaa composition 
of samples from 50 stations ty Ahlatrom (1968). These were grouped into three zones - ooaanio (19 
atationa) 9 intermediate (27 stations) and coastal (4 atationa). 

Tha ooaanio atationa were dominated by larvae of daap sea fishes, two familiaa ( ttyctophidae and 
Gonoatomatidaa) accounting for three-quart era of the larvae caught. 

Tha intermediate stations also contained large numbers of thaae families, but in addition numbers 
of anchovies ( 12$ of the total) and of several predominantly demersal families (oa 20 in all) ware 
caught* 

In tha vary limited number of coastal stations anchovies again accounted for about 13# of the 
total, and nearly all the other identifiable larvae belonged to bottoift-living groups (Soorpaanidaa, 
eto. ). 

A Virpriaing feature of the collection, noted by Ahlstrom, waa that only one clupeoid larvae waa 
found, and no apeoimana of Rastrelliger, though a few Raatrelliger larvae had previoualy bean identified 
by Pater (196?) in other IIOE material. 

Tha data are too few to attempt quantitative assessments, but some general conclusions aeem valid. 

(a) Aa in other regions, myotophids and gonoatomatida form a major resource in the ooeanio aroaa. 

(b) There ia a large resource of engraulida (anchovies). 

(o) Tha oil sardine and mackerel resources are not extremely large, and their potential may not 
be much above present oatoh level a. 

(d) In the coastal aone the demersal species may form the bulk of the potential fiah resource. 
Another approach to the eatimation of resources ia from primary production. 

On tha basis of some measurements of primary productivity in tha Arabian Sea area, Sohaafar (aa 
reported in Shomura et al. 196?) indicated that the potential yield from the Arabian Sea oould be aa 
high aa 10 million metric tona. The study made by Subrahmanyan (1959) i interesting in that it 
represents another estimate of the potential yield from a relatively large portion of the ooaat al 
watara of tha Arabian Sea. On the basis of hia studies on phytoplankton, Subrahmanyan eatimated tha 
ptytoplankton production along the 1,200 mi (2,224 km) ooaat of India and extending offahora for 50 mi 
(93 km) aa 1.8 x 10? metric tona. Subrahmanyan indicated that the annual oatoh of fiah from tha waat 
ooaat of India for tha period 1950-4 waa about 45 5 1 000 tona; the fiah waa thus computed to be 0.025^ 
of phytoplankton relationahip. He compared thia ratio with that for tha English Channel, an area of 
intanaiva fiahing. For tha Engliah Channel, Subrahmanyan atated that the 1928 fiah oatoh waa 71 t OOO 
tona and tha phytoplankton production was aatimatad at 15 million tona. If tha assumption is made 
that tha fiah-phytpplankton ralationahip of 0.06g for the Engliah Channel ia a reasonable average 
figure, than the fiah yield from tha weat ooaat of India oould be increased ty a factor of 2.5 to 
1.119 million tona. Thia ia approximately equal to the eatimated demersal potential of tha area given 
in Tabla R3- 

Cuahing ( 1969) in hia review of the upwelling areas of the world eatimated that the carbon 
fixation in tha upwalling araaa of tha waatarn Indian Ocean was 70 x 10 tona, with a oorraaponding 
estimate of production at the tertiary level of around 10 x 10 tona wet weight. He also gava 
oorraaponding aatimataa for the area of northweat Auatralia, and Java, of 50 x 10 tona carbon, and 
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7*4 x 10 6 tone wet weight of tertiary production. Bo believed that half to one-third of the produotion 
oould be harvested \y man, giving eetiaatee of say 4 million tone in tho Arabian Sea, end 3 million 
tone in the Java-Australian sons. Probably, in common with other upwelling areas, moat of the produc- 
tion is of pelagio fieh. Thie ie in general agreement with the demereal estimates in Tablee S3 and R4 
of 0*6$ and 1.6 million tone respectively; these would imply other potential resources of about 3*5 and 
1.5 million tone, moot of which are likely to bo shoaling pelagio fieh. These eetiaatee are probably 
ae reliable ae can be obtained with present information. 

Off the Indian west ooaet, the egg and larval data, and the oloee agreoaent between eetiaated 
demersal potential and potential eetiaated from primary produotion suggest that the pelagic potential 
ie not very great. A guoaa might be a little higher than recent catenas, say $00,000 tone, though 
thie oould be an under-estiaate. 

In the Bay of Bengal, and eastward to Malaysia, there ie very little evidence concerning the 
pelagio potential. In the northern part, off Beat Pakistan, veseols of the FAO/UHDP project have 
noted echo traoee in mid-water, which might be email fieh or sooplankton; though extensive they are 
rather diffuse and do not suggest a very promising resource. Also the traoee do not extend far off- 
shore over the deeper water. Probably in thie area the pelagio resources of shoaling fieh (sardines, 
mackerel, eto.) are rather leee than those of demereal fish, and may be of the order of 1 million tons, 
for tho whole Bey of Bengal. 

In the extreme southeast of the Indian Ocean, south of the Indonesia-northwest Australian upwelling 
area, there ie again very little information on pelagio fieh. The eetimate of demersal potential, 
principally derived from limited exploratory fishing on the Great Australian Bight is very low - 
50,000 tone. The pelagio potential may not be much higher - say of the order of 100-200,000 tons. 

Ths weatem aide, off tho African ooaet south of the Somalia upwelling area, dots not appear to 
be highly productive. The nature of the ooaet generally with a eteep and narrow concentrated shelf 
suggests that the pelagic resources are likely to bo rather larger than tho demersal ones - estimated 
in Table E3 ae 730,000 tons. One million tons ie a round figure which might be a fairly reasonable 
estimate. 

Maes mortalities 

A feature of the northwest Indian Ocean has been the occasional occurrence of dead fieh on the 
surface over wide areas. The most striking ouch mass mortality occurred in 1957 when quantities 
eetimated aa high ae a million tone ooourred in the central Arabian Sea between 60 and 70E, and 10 
and 20H (Pennikar and Dwivedi 1966). The species concerned have not been definitely identified, but 
the occurrence confirmed the existence of largo fish resources of some kind in the area. 

A more local mortality has been reported ty Foxton (1965), who found large numbers of small inshore 
species (mostly porcupine fieh, Qypliothye tohinatus) close inshore between 9 and 12 along the Somali 
coast, probably killed toy the upwelling of oold water. The quantity of fiah observed was probably 
consistent with the estimates of potential noted above. 

Cephalopoda 

There is little information about the resources of cephalopoda in the area, even in comparison 
with the same data on fish. Almost certainly the produotion of larger animals in the upwelling areas 
will include a substantial quantity of squids, possibly at leaet several hundreds of thousands of tons. 

6. SUMMAKT AND DISCUSSIONS 

The estimates in the above sections may bt summarised in round figures ae shown in Table R5 
(including also estimates of crustacean end tuna resources taken from the relevant chapters). 

Theee figuree should be treated with a fair degree of caution; the tuna end larger crustaceans 
are likely to be fairly accurate, the others, with the exception of the cephalopoda, are probably 
accurate within a factor of two, and possibly within 50jt of the true value. They do she* with a fair 
oertainty that preeent total oatohoe of fieh from the Indian Ooean oould be greatly increased, even 
if eome individual stooks (large tuna, eome shrimp, possibly some local stocks of demereal fish) are 
fully exploited. 
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Table H5 - Eetimated potential annual oatohee ('000 tone), from the Indian Ocean 



Spaoiaa 


Haatarn Indian Ooean 


Saatern Indian Ooean 


Deaereal fiah 


4,500 


3.000 


Shoaling pelagio fiah 


4,000 


2,000 


Tunaa and ekipjaok 


- 300- 




Cruataoaana 


150 


100 


Caphalopoda 


(x100) 


(100) 



Much oan ba dona to improve tha eetimatea. Aeeeaaaente of oxieting fieberiee oould bo improved 
ty battar atatietioe of oatch and fiahing affort, plua ralatad data on aiaa and (where poaaibla aft) 
oompoaition, growth, Mortality rataa and atook aaparation. Whila thara ia a largo volume of biolofioal 
data on fiah in tha Indian Ooaan, littla of it ia diraotly ralatad to tha oovaroial fiahariaa. 

Though aoat of tha obaarvationa aada on tha IIOE ara not inadiatalj uaaful for aatiaatinf raaoaroaa, 
aoaa of tha data oould bt ao uaed* In particular, tha axanination of oollaotiona of material of agfa 
and larvae oould be carried forward from the preliminary analyaia deaoribed above to provide a muoh 
better eatimate of the adult atook and apaiming diatribution of the major apeoiea. Such examination 
may ahow whether further egg and larvae aurveya, in aeleoted tinea and areaa, might produoe uaeful 
information at reaaonable coat. 

Other aurveya whioh appear likely to yield uaeful reaulta are trawl aurvmye in the leaa known 
areaa, aapeoially in deeper water off moat ooaata, and along the Indoneaian ooaata. For pelagio fiah, 
eoho aurvaya aeem eepeoially promiaing. Premie ing traoea have been obaerved \jy ooeanographio veaaela 
off aouthern Arabia, but a ayitematio turvty, preferably backed up with a fiahing vaaeel with auitabla 
equipment (puree aeine v or mid-water trawl) ahould provide muoh better eatimatea of the magnitude of 
the reaouroe, and of the practical proapeota of developing a fiahery. Other fruitful areaa for auoh 
aurvaya appear to be off the Indian weat ooaat, eapeoially beyond the range of tha exieting fiahery 
(thia may well reveal whether or not moat of the atooka are being exploited) and off Indonaaia. 
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1. TOPOGRAPHY 

As defined here the northern boundary IB the 35N parallel across the southern end of the Japan 
Sea, and from the Pacific ooaat of Japan to 145E lat. f thence north to 40K lat. f and thenoe east- 
ward to 130 long* The western and southern boundaries are the mainland coast of Asia and the Malay 
Peninsula to 100E long., thenoe south to Sumatra, and along the Sumatra-Java-Sunda island chain to 
130E long., the northern coast of Australia to the Torres Strait, the coast of New Guinea, and east 
to Id0 long. 

The region includes wide areas of continental shelf. From the north these are (with approximate 
areas in km?, and n.mi 2 (in brackets) to the 200 m contour): 

Table 11 - Areas of shallow water (under 200 m) 



Area 


n.mi 


km 2 


Yellow Sea and East China Sea (to the north end of Taiwan) 


(275tOOO) 


950,000 


Formosa Strait and Chinese south coast 


(82,000) 


280,000 


Gulf of Tongking (to 15N) 


(58,000) 


200,000 


Gulf of Thailand ( from Cape Cambodia to Malaysia-Thailand border) 


(89,000) 


305,000 


South China Sea (from 15N to the Equator) 


(280,000) 


970,000 


Java Sea (from the Equator south and west to Bali) 


(170,000) 


580,000 


Gulf of Carpentaria and the eastern Arafura Sea 


(280,000) 


960,000 


There are also narrower areas of continental shelf and shallow waters 


round the 


oceanic islands; 


the approximate areas are: 






Southwest coast of Japan 


(16,000) 


50,000 


Ityukyu Islands 


(3,000) 


10,000 


Philippines 


(63,000) 


215,000 


Eastern Hew Guinea, Solomon Islands, etc. (north of 10 N) 


(27,000) 


90,000 



Note - Those areas are only approximate, particularly for the areas surrounding islands with narrow 
shelves. They have been estimated from the charts in Philip's Mercantile Marine Atlas (14th 
edition, 1952) which gives the 100 fm contour. There does not seem to be detailed presenta- 
tion of the size of the shelf in the region. Menard and Smith (1966) give the following 
areas within the 200 m contour: 

Yellow Sea and TSast China Sea 977,000 km 

"Asiatic Mediterranean" 4,715fOOO km 2 

The former figure agrees well with the figure used here, but the "Asiatic Mediterranean" figure 
(apparently not defined precisely) is rather greater than the total of the areas above (omitting 
Yellow Sea and East China Sea) ( 4-17 million km 2 ). Moiseev (1969) gives a figure of 4*5 million km 
for the whole region. 

2. HYDROGRAPHY 

The Western Central Pacific is dominated ty the Equatorial Current system and even in southeast 
Asia the area is under greater influence oT Pacific than Indian Ocean waters (Wyrtki 1961). A general 
view shows a striking difference between the northern and southern sections. In the north, the 
circ\ila?ory patter^ is relatively constant with the strong Kuroshio Current the dominant feature; 
?o the south the surface currents are greatly influenced ty the prevailing monsoons. Many of the 
~L~!+! *! *J. uth.rn waters alternate in flow direction in response to changes in wind direction, 
r^TSuS onJ SartTt^ear 12 surface water flow is in one direction and during the other part 
of tb. year the flow is in the reverse direction. 

The North Equatorial Current flows westward, gwerally north of 5H 1**., and upon approaohing 
h ?<!Infn seDarates into two branches, one directed in a general northward direction and th. 
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other iia'^^rirreotion., northern branch move, northward along the Philippine Islands, 
"ta coast of Poro.a where it become, known a. th. Kuroshio Current. 
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8 
Surface current* in the Saitern Central Pacific in February 
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Burffco* ourrtntt in tht B*ttm Central Pacific in August 
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The southern branch, depending on the time of year, provides Pacific water into southeast Alia 
and also form the basis of the Equatorial Count erourrent. 

The Kuroshio moves in a northeasterly direction past the fyukyu Islands then veers eastward, then 
northeastward along the coast of Japan up to approximately 35N lat. Here the Kuroshio leaves the 
Japan ooast and moves eastward as the Kuroshio Extension. In the Hyukyu area the Kuroshio Current 
sends a branch northward as the Tsushima Current. The major flow of the Tsushima Current enters the 
Japan Sea, while a part of the flow is deflected northwestward by the tip of Korea into central East 
China Sea and the Yellow Sea* 

The Yellow Sea and East China Sea are characterised by pronounced seasonal changes. During the 
winter season, oold air moves from the Asiatic continent over these two bodies of water at an average 
wind speed of 2*5 n/seo. The overall cooling of surface water and the following convection 
allows an equalisation of the temperature of sea water from the surface to the bottom, and the strong 
successive blowing of oold winds by the continental high atmospheric pressure accelerates the south- 
ward adveotion of oooled water mass from the Yellow Sea to the East China Sea. That is to aay, the 
enlarging of the "Yellow Sea Cold Water Mass 11 is recognisable. Sea surface temperatures are low, 
ranging from about 1C in the north end of the Yellow Sea to 15C at 30N lat., 127E long, in 
January. The circulation of surface water during the winter season is in a counter-clockwise direction. 
Water of Kuroshio origin moves northward along the eastern side of the East China Sea into the Yellow 
Sea* Cold surface water from the northern sector of the Yellow Sea is carried southward along the 
western side and leaves the East China Sea through the Formosa Strait. 

During the summer season, the winds blow from the southeast at an intensity comparable to the 
winter period. The sea surface temperatures are relatively high, ranging from 25C in the northern 
Yellow Sea to 28C in the southern seotor at about 30V lat., 12?T! long, in August. The circulatory 
pattern in summer is not as well defined as in the winter season. Warm water of Kuroshio origin is 
still deflected northward along the eastern part of the Bast China Sea and Yellow Sea. Along the 
western side, rather than a strong southerly flow as noted during the winter period, there is a general 
northward flow and a considerable amount of South China Sea water moves into the East China Sea. 

Besides the current system Just mentioned above, another important aspect of the hydrography of 
these seas is the remarkable tide which is particularly strong at the western ooast of Korea - the 
range between the high. and low tides is about 9 a in some places. 

As indicated earlier, the circulation of surface waters in southeast Asia is complex with a 
complete reversal in direction of many of the currents. It is beyond the scope of this paper to 
describe in detail the complex nature and dynamics of this circulation. Rather it should suffice 
to describe the prevailing conditions during the peak of the two periods, the north monsoon in February 
and the south monsoon in August. 

In February, the high pressure system located over the Asiatic continent is fully developed. North 
of the Equator the northeast monsoon prevails (Figure 11); at the Equator the winds blow from a northerly 
direction and from south of the Equator to 10S lat. the winds originate from a northwest direction. The 
southeast trades blow south of 10S lat. Sinoe the axes of the bodies of water in southeast Asia generally 
follow the direction of the wind system, the currents tend to flow in the same direction as the pre- 
vailing winds. Figure 11 shows the general surface water circulation in February, forth Equatorial 
water moves into southeast Asia through the south of the Philippine Islands* Along the Asiatic main- 
land, the currents in the South China Sea area move along the ooast in a southerly direction and much 
of this surface water enters the Java Sea. In the Java Sea the winds are from the northwest and the 
currents also move in this direction with the flow moving from the Java Sea into the Flores Sea and 
then the Banda Sea. Part of this water enters the Indian Ooean primarily as southwesterly current in 
the Timor Sea Just south of the Timor Islands; lesser amounts enter the Indian Ooean through the Strait 
of Malacca and the Sunda Strait. 

In August, the South Equatorial Current is strongly developed (Figure 12) and inflow of Pacific 
water into southeast Asia occurs south of Mindanao in the Philippines and south of Halmahera Island* 
A very strong current flows in a northwest direction north of Hew Guinea and forms the principal water 
source of the Equatorial Counterourront. The general surface circulation in the southern seas is from 
the Banda Sea into the Flores Sea and then into the Java Sea. The Banda Sea receives mostly Pacific 
water from the northeast. In the South China Sea the flow of water is northward along the continental 
shelf* During this period there is considerable flow of Pacific Ooean water into the Indian Ooean 
through the Timor Sea. 
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2.1 Upwelling 

Undoubtedly much of the productive fiaheriee along the continental shelf of the Asiatic mainland 
result from nutrients brought up to the surface by the alternating shift in currents and localised 
regions of upwelling. Available ooeanographio data from the western side of the South China Sea 
indicate localised areas of upwelling off the coast of Vietnam in June and July (Wyrtki 1961). Other 
areas of possible upwelling include off the coast of Macassar during the southeast monsoon and localised 
upwelling along the coast of China near Hong Kong during the northeast monsoon and also off the ooast 
of Sarawak. 

ta the basis of upwelling, the area with the greatest potential of enrichment in southeast Asia 
is the Banda Sea - Arafura Sea area. Wyrtki (1961) indicated that this was an area of alternating 
upwelling and sinking and that during the upwelling period, which reaches a peak in July and August, 
the flow of upwelling water is approximately 5 million m 3 /seo. 

To date information on the biomass in the area is completely lacking. 
3. ZOOPLANKTON 

In the northern sector, the waters in and south of the Kuroshio are rather barren. The biomass 
(measured by the net weight of the upper 100 m) is usually less than 25 mg/m 3 , with a ftTl""* of - 
50 mg/B 3 in summer, and in the winter the biomass is usually 25-50 mg/m\ with a *Tl""w of 100 mg/m . 



The main species south of the Kuroshio are Undinula darwini. Gal anus minor and Euoalanus subtenuis; 
north of the Kuroshio, Calanus helgolandious is one of the dominant species. (By Notoda and Man. mo, 
Proceedings of Symposium on the Kuroshio 1965.) 

In the southern sector, studies of sooplankton in Australian waters showed a relatively high 
standing crop, averaging about 100 mg/m 3 , over the Australian continental shelf. In the open ocean 
the standing crop was considerably lower with values no greater than 50 mg/m 3 , usually less than 
25 mg/n? (Tranter 1962). 

4* BEHTHOB 

The dominant groups in the Yellow Sea and East China Sea are ae follows! Holothuridae, Maorura, 
Braohyura and Cephalopoda in the central part of the East China Sea, with Ophiuroidea in the northern 
part; Maorura, Ophiuroidea, Braohyura and Asteroidea in the southern part of the East China Sea. 

Ophiuroidea are distributed in depths between 60-85 m; Asteroidea in 50-80 m and 100-150 m; Maorura 
in 50-110 m| Gastropoda and Cephalopoda in about 50 m. In general the peak of the distribution lies 
about 70 m deep. 

Studies of benthos biomass in two bays in the Philippines showed oonsidsrable differences in 
composition and magnitude (Tiews 1959)* In Manila Bay the standing orop of benthos biomass was found 
to bs only 0.741g/0.1 m 2 compared to the 7957 g/0.1 m 2 for San Miguel Bay. In the Manila Bay samples 
the dominant groups included errantian polychaetes, maorurans and braohyurans. The major groups in 
San Miguel Bay were sedentarian polyohaetes, errantian polyohaetes and ophiuroids. The benthos stand- 
ing orop of Manila Bay (area of 1 V 350 km*) was estimated to be 10,000 metric tons (74*1 kg/ha) and 
the San Miguel Bay (area of 520 km?) 40,000 metric tons (795-7 kg/**)* 

5. FISH STOCKS AND FISHERIES 
5.1 The fisheries 

The region is one of the more productive areas of the world, though the large scale industrial 
fisheries with big ships, concentrating on a few speoiee, characteristic of temperate waters, are 
absent. Instead the fisheries in the region are typically carried on by a very large number of small 
vessels, using a wide range of gears, and catching a great variety of species, which are usually not 
identified (at least down to a species level) on the fish market. 

Little or no long range fishing is done in the area, except for tuna fishing in the open Pacific, 
but all countries in the area have a more or less vigorous local fishery supplying a strong home demand. 
The most striking recent development has been the growth of trawl fishery ty Thai vessels, triggered 
off by the introduction of single-boat trawling instead of the former pair-trawling. The larger Thai 
trawlers are now becoming engaged in medium range fishing in the southern part of the Oulf of Thailand 
and beyondr Medium range vessels also operate from Japan, in the Yellow Sea and East China Sea, and 
from Taiwan and Hong Kong in the South China Sea. 
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5.2 Statistios 

Recent catches Toy oountrias in the araa, as available to PAO y art summarised in Appendix Table 11. 
Except for Japan, tho statistios art of total marine fish oatoh, whioh in MM oases (e.g. Thailand, 
Malaysia and Indonesia) iaoluds catches taken outside tho present area. 



Statiatioa aro generally good, and onion dotailod data aro publiahod in various forma* Dotailod 
breakdown of landings is availabls from hooM landings, of which thrss arsas - southern Paoifio ooast, 
Bast China Sea and Inland Sea - come within ths region considered bars* Thsrs is a food breakdown ty 
spooiss and typo of gear and fair statistics of effort. 

(b) South Korea 

Statistics ars now good (larfa annual Yaarbook of Fishery Statistics published), with ths probabls 
exception of coastal subsistsnos fishing. Area breakdown is availabls ty provinos of landing} thoss 
on west and south ooasts ooas within this region. Brsakdown is givsn by spsoios and type of gear. 
Effort statistios ars not vary complete. 

(o) Forth Koraa 

Ho figuraa ara availabla sinoa 1957 (than 291,000 tona). Bafora tha war, rathar aora than half 
tha total Korean oatoh ( 925 000 tona out of 1.769 Billion tona in 1936) oamcfroa tha prasant Vorth 
Koraa. Much of this oatoh was sardins and this stock has vary greatly declined. It is probabla that 
tha forth Koraan oatoh has inoraaaad sinos 1957* Thara ara no da tails of spaoias breakdown v or of 
araa of oaptura (aapaoially division batwaan aast and waat ooasts). 

(d) Mainland China 

Thara ara no good statistios availabla. Tha most raoant statistios givan in FAO Yaarbook ara a 
total of 5.8 Billion tons in 1960, without datailad braakdown. Shindo ( 1964) givaa a good description 
of Chinasa fishing* of tha 5.8 Billion tona raportad, only 1*8 Billion tons was from normal saa 
fishariasi tha raat baing inland fiahariaa (2.8 Billion tona) and fish oultura (1.2 Billion tona). 
Thaaa figures ara far froa baing antiraly raliabla, but tha value of marina fish oatoh seems reasonable 
in comparison with tha length of ooaatlina ' and tha catches of adjacent countries, such as Taiwan and 
Koraa. Shindo also gives some details of tha expansion of marine fishing from 1949 to 1960, as wall 
as tha apaoiaa and araa braakdown in 1960. In a later stufr, in 1966, Shindo re-estimated tha marina 
oatoh as 1.6 Billion tons, 1.2 Billion tons in tha Tallow Saa and East China Saa, and 400,000 tons in 
the South China Saa. It ia not known how tha Chinasa fishery has developed ainoa 1960, but tha marine 
oatoh ia believed not to have inoraaaad much. 

(a) Taiwan 

Statistios for this region ara generally goodf datailad braakdown by species is availabls. 

(f) Home Kong 

Good atatistios are availabla for landings in Bong Kong, but muoh of the float land part of thair 
oatoh (for licensing purposes) in Mainland China, and this part is not recorded. Datailad braakdown by 
spaoias is given. Effort and some data ara availabla for aoma of tha large vessels. 

(g) North Vietnam 

Latest statistios in FAO ara for 1962, and thair reliability is unknown. Tha total fish oatoh is 
only broken down into marina and fraahwatar. Batwaan 1955 **& 1962, tha raportad oatoh inoraaaad from 
94,000 to 289,000 tons. 

(h) South Vietnam 

Up-to-date atatiaties of total oatoh ara availabla, broken down into freshwater fish, marina fish 
and eruataoaans, in tha PAO Yaarbook of Fishery Statistios (YFS). Tha raportad totals increase 
steadily from 120,000 tons in 1955 to 375iOOO tons in 1965i but it is not certain to what extent this 
represents a real increase in oatoh, or merely greater completeness in tha collection of statistios. 
Probably there ara atill vary incomplete data as small-aoale subsistence fiaharias ara pravalsmt in 
both fresh and coastal waters. 
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(i) Oambodia 

Catch statistios ars given in the YFS for 1961/5 with sub-totals for freshwater fish, marine 
fish, crustaceans, molluscs and various. The totals show a very slight increase (from 148,000 to 
166,000 tons) bit it is not known how reliable thsss figures art. Thsrs is probably a groat deal 
of under-reporting of subsistsnos fishing. 

(j) Thailand 

Details* statistios aro availablo, though ths YFS figurss inoludo a vsry largo proportion of 
unsortsd and unidsntifisd fishss (probably mostly from tho rapidly developing trawl fishery) . It 
is known that part of tho rapid increase in ths total rsportsd oatoh sinos 1961 is diis to improve 
msnt in ths collection of statistios. Probably ths most roosnt figurss ars rsasonably rsliabls. 

(k) Malaysia and Singapore 

Detailed statistios ty spsoios ars given in ths YFS. Thsss aro probably rsasonably rsliabls. 
Some sf fort data aro available for major fisheries. 



Ths reliability of ths figurss (1.176 million tons of marine and freshwater fish reported in 
1966) is probably vsry low. The figures are more likely to be too low than too high because of non- 
reporting of subsistence fishing. Of the 1967 total (1.18 million tons) approximately 640,000 tons 
were believed to be marine fish. Nearly all the oatoh is taken by small boats in depths less than 
25 m, not more than 25 mi from shors. 

() Australia 

Thsrs is vsry little fishing in the region. A shrimp fishery is developing in the Gulf of 
Carpentaria for whioh good statistios should be available. 

(n) New Guinea. Solomon Islands, other island groups 

Thsrs ars vsry little data available, most of whioh are of export figurss only. Ths latter ars 
probably reliable, and the total oatoh is probably small. 

(o) Philippines 

Ths YFS gives detailed figures, broken down ty speoies$ suoh of these data have been derived from 
information whioh might be used for tax purposes, adjusted ty a factor believed to be correct for 
misrepresentation. The factor used may be too large or too small. The proportions of different 
spsoiss may be a reasonably reliable estimate for the commercial fisheries, but these proportions 
may not be ths same in the so-called municipal fisheries, whioh account for about half ths total 
rsportsd oatoh* Probably demersal fish are commoner and pelagic fish rarer in the municipal oatohes 
than ths published statistios suggest. 

(p) Long-range fishing 

Fortunately, in view of the deficiencies in the statistios of local fishing, there is not much 
long-range vessel fishing in the region far from the home bases. Japanese trawlers have occasionally 
worked in ths South China Sea and the Oulf of Tongking, and there may be developments in long distance 
trawling and fishing for shrimps in the South China Sea ty Korea, Hong Kong, Thailand and Singapore, 
but this is likely to remain on a small scale. High seas fishing for 'tuna is considered separately in 
the section on oosanio resources. Ths main statistical problems ars, therefore, confined to ths 
countries adjacent to eaoh area concerned. 

5.3 Stock assessments for sxploitsd stocks 
(a) Ysllow Ssa and Bast China Sea 

Assossments for ths major stocks have been carried out ty Japanese scientists. These studies 
have shown some degree of ssparation of discrete stocks within the area. However, the degree of 
exploitation of different stooks of the same speoies seems muoh the same. There is not much inform*- 
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tion of the degree of mixing with stocks out Bid* the region; however, the demersal fieh do not teem to 
migrate far* The analysis for demersal fish covers the area of the Japanese trawl fishery; this 
extends south to about 26N f and therefore oovers nearly the whole of the East China Sea area as used 
here* 

The present demersal oatoh from the area is uncertain; from Shindo ( 1964) the oatoh of marine fish 
ty Mainland China in 1960 was 1*8 million tons; of this, two-thirds oame from the area considered, and 
the great majority of this total was demersal fish. Allowing for a slight increase sinoe 1960, the 
196J oatoh of demersal fish may be estimated as 1.2 thousand tons* The Taiwan oatoh in 196$ consisted 
of 84,000 tons of specified demersal fish, and 61,000 tons of unspecified fish, probably nearly all 
demersal, i.e. a total of 145iOOO tons; the proportion of this that oame from the Bast China Sea is 
not known, perhaps it is as much as one-third, say 50|000 tons. The Japanese and South Korean catches 
are known reasonably well* It is not known what proportion of the North Korean oatoh is demersal fish, 
nor how the total is divided between the East (Japan Sea) and the West (Yellow Sea) ooasts, but probably 
most of the oatoh is taken in the Japan Sea. The best estimate of the total demersal oatoh in the 
Yellow Sea and the East China Sea is as follows: 

Table 12 - Demersal oatohes in the Yellow Sea and the East China Sea 



Area 


Estimated oatoh 1963 


(in metric tons) 


Mainland China 


1,200,000 ? 




Japan 


330,000 




South Korea 


130,000 




fyutyu 


1,000 




Taiwan 


50,000 




North Korea 


100,000 ? 




TOTAL 


1,810,000 





A major uncertainty remains concerning the share of the total taken by Mainland China (Shindo 
1964)* The evidence of decline in oatoh per unit effort, smaller sises of fish, and increased mor- 
tality show clearly that the demersal fisheries are approaching or beyond the level at which no further 
increase in average oatoh can be achieved. (See Anon. 1963, Mako 1961, Murakami et al 1964 for 
demersal stocks generally; Misu 1965 for ribbon fish (hairtail), Triohiurus lepturui; Ikeda 1964 for 
yellow croaker, Pseudosoiaena manoharioa; Otaki 1964 for sharp toothed eel, Muraenesox oinereusi 
Shindo 1964 for yellow sea bream, Taint t ami from) . The trends sinoe 1953 in catch and oatoh per unit 
effort for different species have been different; some tending to increase, e.g. ribbon fish and shrimp, 
at least up to 1961, while others have decreased sharply, e.g. liiard fish (Murakami et al. 1964)* 
Most recently the oatoh per unit effort even of those species which have been inoreasTngTave tended . 
to flatten out or decrease* These differences are probably due to several causes, including! 

(a) changes in the balance of speoies in the sea f independent of fishing; 

(b) relative decreases of speoies most vulnerable to fishing; 

(o) switching of the main fishing concentration from the initially preferred speoies; 
(d) development of new fisheries, e.g. for shrimp. 

Because of these differences, it is most unlikely that the intensity of fishing is the same for 
all stooks f and while all the demersal stocks included in the above analysis are at least moderately 
heavily fished, it is likely that the yield of some could be increased by heavier fishing, while the 
yield of others could be increased by reduced fishing. In addition, the yield of several speoies might 
be increased ty the use of larger trawl meshes. Potentially, therefore, the yield of the presently 
exploited demersal fish could be increased (perhaps ty 10-30J6), but much of this increase would require 
rather detailed control of fishing. It is probably unrealistic to expect much change from the present 
total. A potential yield of 2 to 2*4 million tons corresponds to a yield per unit area of oa 25 
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Pelagio 

Estimates of the present and potential yields of pelagic fishes from the Yellow Sea and the East 
China Sea are provided in the following table. The figures for Mainland China and North Korea are both 
very rough, assuming about one-third of the Korean catch are pelagic fish, but, following Shindo (1964), 
that the pelagio catch is small, say 10J& of the total. 

Table 13 - Pelagic catches in the Yellow Sea and the East China Sea 



Area 


Estimated catch 1965 


(in metric tons) 


Mainland China 
Japan-?/ 


100,000 ? 
350,000 




South Korea 
Taiwan^/ 


100,000 
20,000 




North Korea 


100,000 ? 




TOTAL 


600,000 ? 





Notes - \l Jack mackerel and mackerel 

2/ Assuming East China Sea catch is one-third of total 

Studies have been made by Japanese scientists of the major species. The two species of mackerels 
( Scomber japonious and S. tapeinooephalus), are mixed in the statistical records while catches have 
recently increased very"greaily in other parts of Japan, the catches in the present area have not 
changed much* Effort and catch per unit effort data also show little change, but the effort figures 
do not take into account improvements in the gear effioienoy. Sise and age distributions show a 
dominance of small, young fish. It is, therefore, believed that the stook is heavily fished (Tsujita 
1965), though the evidence is not as conclusive as for the demersal fish* 

Catches of jack mackerel (Traohurus japonious) increased in 195&/6 due to an expansion of Japanese 
fishing in the East China Sea, and probably also a greater availability of the stook. Since then, 
oatohes and oat ohes/ef fort have been more stable, but effioienoy of the unit of effort may have 
increased. Average age and sise is low (Mitani and Shojima 1966) and may be decreasing. There is 
some indication of the existence of different stocks. 

Though the situation is not as clear as for demersal fish, it is the belief of Japanese scientists . 
that these stooks are heavily exploited and oatohes from them cannot be substantially increased ty 
greater fishing. Pelagic oatohes in Japanese waters have fluctuated very greatly, probably largely 
independent of fishing. 

Japanese scientists have data on larval abundance of several pelagio species. It is hoped to 
examine these to obtain estimates of relative (and perhaps absolute) abundance of these species. 

The food items of a species forming the base of large fisheries often provide olues to potential 
resources of unexploited species. Stomach contents of ribbon fish (Triohiurus lepturus) contained 
the following relative numbers of different species of fish (in brackets oatoh in tons from the area 
ty Japanese and South Korean vessels) (Misu 1964). 



Engraulis japonica 
Triohiurus lepturus 
Pseudosoiaena manohurioa 
Argyrosoaus ancentatus 
Other identified fish 



118 (95,000) 

60 (70,000) 

50 (70,000) 

11 (25,000) 

42 



It is interesting that anchovy is the only pelagio fish taken ty ribbon fish. These studies do 
not siuuest the existence of any substantial unexploited stooks. The potential yield is probably not 
muchmorl than the present total oatoh, perhaps 25-50* above it, i.e. three-quarters to one million tons. 
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(b) Other areas on continental shelf 

Very little stock assessment work has been carried out and in many areas even the baiio data on 
oatohes, effort, sites, eto. art lacking. Son* data art being collected in Taiwan, Hong Kong, Thailand, 
Malaysia and Philippines. 

Demersal 

South of the Eait China Sea area, trawling takes plaoe along the Asiatio continent, with increased 
effort noted in waters around Bong long, Gulf of Thailand and the Philippines. More recently trawling 
has increased in the Strait of Malacca ty Malaysia and exploratory work is being intensifisd in the 
southern sectors of the South China Sea ty various countries, e.g. Taiwan and Thailand. The present 
fish oatoh from these southern waters is given below: 

Table 14 - Estimated demersal oatohes ty areas (in 1966) 



Area 


Oatoh ty oountries 


Total 
(in metric tons) 


Formosa Strait and Chinese South Coast 


Mainland China $30,000 
Taiwan 100,000 
Hong Kong 50,000 


700,000 


Oulf of Tongking 


Mainland China 50,000 ? 
N. Vietnam 200,000 ? 


250,000 


South China Sea 


8. Vietnam 250,000 ? 
(total marine fish 290,000) 
Malaysia 75.000 
Singapore 10,000 
Indonesia 10,000 


400,000 ? 


Gulf of Thailand 


Thailand 337,000 
Cambodia 30,000 
(total marine fish 40,000) 


370,000 


Java Sea 


Indonesia 500,000 ? 


500,000 ? 


Gulf of Carpentaria and Arafura Sea 


Australia negligible 
Indonesia ? 


probably very mall 



In the area off the south coast of China, between Taiwan and Hainan, there have not been detailed 
stock assessments, but experience from Hong Kong suggests that there has been an appreciable falling 
off in the oatoh rates, at least of the preferred species. This suggests that the potential yield of 
demersal fish in the area is being approached* i.e. that the potential is probably in the range of 
800,000 to 1.5 million tons. 

In the Gulf of Thailand, the reoent rapid increase in trawling has been followed by a substantial 
fall in oatoh per unit effort (isarankura and KUhlmorgen-Hille 1967, Tiews et al. 1967). Some further 
increase in oatoh may be possible. It appears that a large variety of speoTesTs caught and landed, 
though only half the oatoh is of fish used for human consumption (Tiews 1966). Probably all speoies 
easily taken ty the present gear are exploited, if not to precisely the same extent. 

Tiews ( 1966) has estimated the potential trawl oatohes of Southeast Asia from Taiwan to West 
Pakistan, from depths less than 50 m, as 7 million tons. For the area under consideration here, the 
potential yield is estimated to bs 5*7 million tons. Thess estimates are based on two assumptions! 
(i) the present annual oatoh per unit area in the Oulf of Thailand is squal to the potential annual 
production; (ii) that the average potential production in other areas is equal to that in the Gulf of 
Thailand. As this estimate suggests that a very large increase in oatoh oan be taken from the area, 
it is worth examining in detail. 

An assessment of the demersal stook in the Gulf of Thailand has been mads ty Oulland(in press), using 
data on total oatohes, number of vessels and oatoh per unit effort of survey vessels given V Menasveta 
(1968). The last has decreased from just under 300 kg/hour in 1960 to 115 kg/hour in 1967. Making 
some allowance for the spread of fishing into more distant waters, so that only a proportion of the 
total oatoh in reoent years comes from the survey areas in the northern part of the Gulf, there 
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appears to be a clear and approximately linear relation between the survey oatoh per unit effort and 
the total effort. The oorresponding relation between total oatoh and effort give* a maximum yield 
of approximately 400,000 tone per year at a level of fishing rather leie than that in 1966. 



/. Thi ! "f* 1 ?^* 1 ' 1 not tak * into * oount the changes in species oompoeition that have taken plaoe 
t Tiews et al. 1967). Some of these ohaagee are the direct effect of fiehing, e.g. the greater decline 
of the larger or more valuable species; other* can be aeoribed to the indirect effects, e.g. the 
increase in squids due to the reduction in their predators. Other changes, e.g. the increase in 
Lutjanus. which being a large valuable fish might have been expected to decrease greatly, are less 
easily explained. They may be due to complex fishery-induced causes, or may be completely independent 
of fishing. Any full analysis of the changes in the demersal fish community must, therefore, be a 
rather involved study. It may well be that short of an extremely detailed study, the simple study 
above, in which the total oatoh per unit effort of the survey vessels may be taken as a synthesis of 
all the direct and indirect effects of fishing, gives a rather better assessment of the state of the 
tooks generally, than a speoies-ty-speoies analysis. 

This is only the sustainable yield from the part of the survey area fished by Thai trawlers, which 
is smaller than the whole of the Oulf of Thailand. Tiews stated that fishing is not carried out below 
50 m v and considered the catches come from an area of 24,400 n.rai 2 (.84,000 km 2 ). This is not much 
more than a quarter of the total area of the Oulf less than 200 m as estimated in the first section 
.(-89,000 n.mi 2 -..305,000 km 2 ). Use of .one or other of these areas gives values of yield per ha of 
46 and 13 k*yha respectively (4.8 and 1.3 tons/km 2 respectively). Though high, a figure of 
48. ktyha may be oompared with annual catches of 20-25,000 tons from Manila Bay (150-180 kftftia) 
(Tiews 1959). This figure includes some pelagic fish, and also includes fish caught inside the Bay 
which have grown up outside the Bay. It may therefore be an over-estimate of the harvested production 
of demersal fish per unit area, though some studies ty the PAO/UNDP( SF) project suggest that the true 
demersal oatohes in Manila Bay may be as high as 30-40,000 tons, and suggest that this production 
can be quite high. 

As an estimate of the productivity from all waters, the latter figure ( 13 kg/ha) will certainly 
tend to be an underestimate because much of the fish in deeper waters, or in the south-eastern part 
of the Oulf (off Cambodia), will not move into the area fished toy Thai trawl ers| equally the former 
figure (48 kg/ha) may be an over-estimate of the productivity in waters shallower than 50 m, because 
the oatohes may include fish which have moved into the fished area, and therefore represent the 
production over a bigger area than considered hy Tiews. There are no good data for productivity in 
waters deeper than 50 m. Data from several areas (Tiews 1966, Pathansali et al. 1967, etc.) show 
that trawl oatohes are much less in deeper waters, at least in some areas* Exploratory fishing data 
from the FAO/UJTDP project in the Philippines, provided ty J. Magnusson, show little difference in 
oatoh rate - oa 200 kg/hour - in 50-100 m, and in less than 50 m. However, the deeper water is at 
present little exploited, and the similar oatoh rates may reflect lower productivity, plus lower 
exploitation. 

Therefore, it is best to follow Tiews in assessing the possible oatohes in waters less than 50 m 
deep separately; for this the higher figure above is probably closer to the value for the Gulf of 
Thailand* A likely range may be between 30 and 50 kg/ha (3-5 tons/km 2 ). If the other tropical and 
sub-tropical areas in the Indo-Paoifio region shallower than 50 m, which according to Tiews cover 
465,000 n.mi 2 (-1.6 million km 2 ), were as productive as the Oulf of Thailand, the total potential 
oatoh of demersal fish would be between 4-8 and 8 million tons. However, if the waters of the Oulf 
of Thailand shallower than 50 m are more productive than other parts of the region, this may be an 
over-estimate. There is evidence that this is so, e.g. Ichiye (in Fairbridge 1966) quote* figures 
of primary production of 6 gC/myday at the head of the Oulf, 1-2 gC/m 2 in the central part, 
compared with 0.5 gC/m 2 in Philippine off-shore waters and the Celebes Sea. However, productivity 
round the Philippines appears to increase towards the shore and to be exceptionally high in Manila 
Bay. 

The relative potential of demersal fish may also be estimated from a comparison of actual trawl 
oatohes, ty commercial, exploratory, or research vessels. This has to be done with some oaution, since 
trawl oatohes depend very much on the sise and power of the vessel, type and rigging of the net, etc., 
as well as on the time of day. However, an increasing number of observations are now becoming available 
for the region. Besides covering an increasing proportion of the potential trawling area, there should 
be an increasing overlap in which more than one ship has fished in the same area at the same time of 
year, thus providing a proper opportunity for inter-ship calibration. 

Lester ( 1967) and Menasveta ( 1968) have reviewed most of the published data in the Sunda Shelf 
area, the most important of which are the surveys carried out from Taiwan (Tsung 1962| Yee 1961, 1963; 
Tseng ( 1967 ) though other surveys have been mads from Malaya (Osaannoy 1961), Hong Kong and 
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Thailand (Tiewa 1966). FOOT araaa produced good catches; in tht Taiwan surveys the highest oatobaa 
wara on tba aaat aida of tha Oulf of Thailand, and South Vietnam (15 boxaa, or oa 400 kg/haul), 
followed ty tha araa off tha Mekong (12 boxaa, or oa 300 kg/haul ;, ana tha northarn part of tha 
Oulf of Thailand (7 boxaa, or oa 200 k|/haul)j othar vaaaala alao took good oatohaa round Hatuna 
laland, in tha oantra of tha Sunda Shelf. Thaaa raaulta confirm tha highar potantial of tha innar 
Oulf of Thailand, aapeoially ainoa thia araa waa, at tha tint of tha surveys ( 1960/4) 9 more haavily 
exploited than others. 

However, tha surveys alao showed that demersal fiah wara praaant ovar tha whola of tha Sunda 
Shelf, Blank haula ooourrad v aa they do in all fiahing oparationa v hut there waa no large araa of 
eonaiatantly aaro or vary low oatoh. Excluding tha richer araaa notad above, tha avaraga oatoh par 
haul in tha Taiwan aurvaya waa 4 to 5 boxea (100-125 kg). Thia in parhapa half tha value that would 
have been obtained in tha innar Oulf before fiahing atarted; probably the potantial yield it in propor- 
tion to tha standing orop. Raaaonabla estimates for tha potantial yield are, aa extrapolated from 
experience in tha Oulf of Thailand, therefore, 20*50 kg/ha in tha richer parta, and 15-25/ha, elae- 
where. Thaaa figuree may be compared with tha fairly good aatimate of oa 25 kg/ha in the Eaat China 
Saa, and tha much rougher eetimate of 800,000*1.$ million tone total, or 30-50 kg/ha for tha Chinese 
south ooaat. Tha agreement ia reasonably good, and uaing thaae figure a, eatimatea of damaraal 
potantial may ha summarised aa followaj 

Table 15 - Estimated damaraal reaourcea by araaa 



Area^ 
('000 km 2 ) 




Preeent oatohea 
(000 tona) 


Catch, 
Praaant 


kg/ha 
Potential 


Total potential 
(000 tona) 


Yellow Saa - Eaat China Sea 


950 


1,800 


20 


25 


2,000*2,400 


Chineae aouth ooaat 


260 


700 


25 


30-50 


800-1,500 


Oulf of Tongking 


200 


250 


12 


30-50U) 


600-1,000 


Oulf of Thailand 












Thailand ooaat 
Southaaat ooaat 
Central 


84 
50 
170 


337 
50? 


40 
10? 


50 
50(a) 
15-25(a) 


400 
250 
250-400 


TOTAL 


305 


400? 






900-1,050 


South China Sea 

Richer areaa (b) 
Others 


50 

920 


? 
? 


? 

? 


30-50(a) 
15-25(a) 


150-250 
1,400-2,300 


TOTAL 


970 


400? 


4 




1,550-2,550 


Java Sea 


580 


500? 


9? 


15-25(a) 


900-1,500 


Gulf of Carpentaria 


960 


- 


- 


15-25(a) 


1,500-2,500 


Philippinee (c) 


215 


200(400?) 


10 


30-50(a) 


600-1,000 


Hew Ouinea, eto. 


90 


? 


? 


15-25(a) 


135-225 



80 



Notea - (a) Extrapolated from Qulf of Thailand 

(b) Off the Mekong Delta and Natuna laland. Othar araaa may latar be ahown to be rich, 
tha figuree for tha whola South China Sea may be an under-eatimate 

(o) Studies by the FAO/(JND?(SF) project auggaat that tha true damaraal oatoh may be aa high 
aa 400,000 tona, and the pelagic oatoh rather laaa than reported 

The total demeraal potantial aa aatimatad in thia table ia 9*1-13.3 million tona. Thia ia about 
double the preaent oatchaa, though the immediate proapaota for expanaion are not o>ite aa good aa thia 
two-fold difference impliea, ainoe aome of the areaa where the unexploitad potential ia greatest are 
tha open araaa of tha South China Sea, aome distance from aui table market a, and where the cat oh rates 
are low, and oonaiat of a large proportion of low-valued fish. 
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Sstiaates of the present yield of pelagio fish from the southern waters are provided in the 
ing table. As indicated earlier, the laok of data from many looalitiee in thie area subjects th< 
eatimatee of preeent oatohee to considerable error. 

Table 16- Estimated pel agio oatohee, by areae in 1966 (in tone) 



follow* 



Area 


Catohee lay count riee 


Total 


Formosa Strait and China eouth ooaet 


Mainland China 
Taiwan 
Hong Kong 


100,000? 

50,000 

10,000 


160,000? 


Gulf of Tongking 


Mainland China 
North Vietnam 


10,000? 
100,000? 


100,000? 


South China Sea 


South Vietnam 
Malayeia 
Singapore 
Indonesia 


70,000? 
20,000(a) 

10,000? 


100,000? 


Gulf of Thailand 


Thailand 
Cambodia 


70,000 

10,000 


80,000 


Java Sea 


Indoneeia 


300,000? 


300,000? 


Oulf of Carpentaria 


Australia 
Indoneeia 


negligible 
? 


? 


Philippine! 


Philippinee(b) 


300,000 


300,000 


TOTAL - all eouthern watere 




oa 


1,000,000 



Not< 



- (a) Most of the Malayeian pelagio oatoh ie taken on the weet ooaet, outeide tip preeent region 
(b) True oatoh may_be rather emaller 



The beet etudied area ie probably again the Oulf of Thailand and virtually all the Thai oatoh 
(of some 70,000 tone) oame from north of 9N (etatietioal areae I, II and IV), and even in theee 
northern areae the oatoh per unit effort hat inoreaeed between 1962 and 1965 roughly ae muoh as the 
oatoh* Probably the oatoh in the northern areas oould be inoreaeed. Tag returns have been up to 10 
(Chomiurai et al.1965) which, allowing for failure to return tags, mortality due to tagging, shedding 
of tags, sto. fTugf est that fishing is moderately high. Possibly, therefore, the oatoh cannot be very 
greatly increased (perhape as muoh as doubled?). Allowing for additional oatohee from the southern 
part of the Gulf of Thailand, if the fish there are a separate stock, it seems that the potential oatoh 
of pelagio fish from the Oulf is probably 100,000 tons, and may well be as muoh as 200,000 tons and 
might even be greater. 

The pelagio resources in the Oulf are, therefore, probably rather less than the demersal resource*, 
but probably rather more than a charter of the demersal fish. Lacking better data, it ie reasonable to 
aesume this is also true of other areas in watere less than 50 m, which would give a total pelagio 
resource in the shallow water sone of from 1 million tons, as a conservative lower limit, up to perhaps 
5 million tons. 

In deeper waters (between 50 snd 200 m), the pelagio fish are probably relatively more abundant) 
the large area concerned implied that the total demersal stook may be quite large, even if too widely 
scattered to be at present commercially exploitable; and the pelagio resources are probably as large 
or larger. A total resource of 1 million tons from this sone would imply a value of only 4 kg/he 
(0.4 tons/km 2 ), about one third of the lower estimate of the yield per unit area of demersal fish in 
the shallow sone. This is not unreasonable. 

Island resources 

One of the most notable features of the Western Central Pacific area is the presence of numerous 
islands of voloatiio and coral origin. With the exception of relatively fair-sised commercial fishing 
carried out in the forukyu Islands and the Philippines, muoh of the fishing effort in the island areas 
is^f a subsistence type and directed to fieh and shellfish in the immediate coastal watere; primarily 
in the reef sone. The pelagic waters are presently fished for tuna, and billfiehes Uy Japanese, 
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Chinaaa and othar fart-ranging fiahing flaata. Whila *om* data ara availabla from thaaa optn ooaan 
fiahariaa data ara oomplataly lacking on tba magnitude of tha oat oh raaulting from tha aubaiatanoa 
typa fiabing around tba ialanda* Although atook aaaaaamant aatimataa ara not available for tba fiah 
apaoiaa around tba i aland watara, tbara ara indioationa tbat much of tta raaf araaa ara praaantly 
ovar-fiahad; aapaoially tboaa looatad oloaa to larga oommunitie*. 

Undoubtedly with proper management tba yialda of tba ovar-fiahad raaf araaa oan ba inoraaaadt 
however, tba total yield cannot ba expected to ba too great ainoa tba raaf araaa ara relatively limited. 
In ialand water*, tba raaouroaa whioh have not been explored or azploitad to a great degree ara tba 
fishery raaouroaa in daapar watara beyond tba raaf sonaa. Tbaaa watara contain draaraal apaoiaa auob 
aa anappara and groupers, and palagio apaoiaa of aobooling fiah auob aa aoada and maokaral. To data 
tbaaa raaouroaa bava not been fully barvaatad principally baoauaa of inadequate gaar and marketing 
problem*. 

Tba aatiaata of tba potential yield of tba ialand waters (excluding tba open aaa fiab apaoiaa, 
e.g. tuna* and billfiabaa) provided in tba following tabla were obtained on a baaia of comparability 
with a nearly fully azploitad area, tba Hawaiian I aland*! 

Tabla 17 - Potential yiald for round ooaanio ialanda in tba Western Pacific 



.. Length of ooaatlina Potential yial<a) 
A (mi) (matrio tona) 


Hampo Sboto group 


153 


612 


Truat territory of tba Paoifio Ialand* 


3,561 


14,244 


Gilbert Ialanda 


626 


2,504 


Ellioa Ialanda 


135 


540 


Solomon Ialanda 


2,464 


9,856 


I eland* southeast of Naw Guinea 


3,943 


15,772 


TOTAL 


10,862 


43,528 



Note - (a) Baaad on yiald of 4*0 matrio tona par mi of ooaatlina 

Tba fiab fauna of tba Hawaiian 1*1 and* i* *imilar to the fauna of the Western Central Paoifio 
1*1 and*. Tba Ialand of Oahu baa a general ooaatlina length of 112 mi and tba watara of Oahu ara tha 
moat intensively fi*hed of the major ialanda in tha Hawaiian chain. Tha present catch of naritio 
palagial fiab apaoiaa around Oahu baa been estimated to ba 4.0 matrio tona par mi of ooaatlina par 
year. Applying tbia rate to tba ialand watara (excluding tyutyu I elands, Taiwan, Pbilippina Ialanda, 
New Guinea and ialanda to tba waat of these araaa) in the Western Central Paoifio provides a rough 
minimum potantial yiald of 43,500 matrio ton* of fiah. It ia very likaly that the true potential 
yiald of fiab from tha ialand watara of tha Weatarn Central Paoifio i* *ome multiple of tba 43,500 ton* 
provided here. A three- to five- fold increase ia not unrealistic, aapaoially ainoa tha fauna of tha 
Waatarn Central Paoifio ia considered richer than tba Hawaiian fauna and tbara ia some evidence tbat 
fishing in Hawaii baa not reached it* full potantial. Aa indioatad in tba above tabla, tba total 
ooaatlina of tba ialanda in tba Waatarn Central Paoifio considered here is estimated to ba about 
11,000 mi. 

6. SUWCAKT AMD DISCUSSION 
6.1 Summary 

Tba estimates of potantial in tba region ara of around 9*13 million tona of demersal fish, and 
of 2-6 million ton*, or quit* poaaibly mora, of palagio fiah. Tbaaa figure* ara extremely rough, 
and tba range of estimates, though wida, are oertainly no wider than the inadaquaoy of tha data. 
However, tba information ia good enough to abow tbat tbara ara ample opportunities for expanding 
fiab oatobaa in tba region, with tba exception of certain heavily fished araaa (e.g. tba Yellow Baa, 
and tba northern part of tba Gulf of Thailand). Tba aatimataa alao auggtat tbat, aipaoially for 
demaraal fiab, tba region ia potentially one of tba moat productive in th* world, axoaading for 
example tba total potantial of tba rich araaa of tba Northwest Atlantic by *om* four-fold. 
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* in view of the fact that the region has not attracted the long distance 

fleete which exploit such areas at the Northwest Atlantic, Southwest Aflrioa, eto. f but may be explained 
tyseveaea factors. Pint, the ihelf area ia vexy large, 10 that the actual potential per unit area in 
not estimated to be vexy high. Seoondly, the presumed faater turn-over end shorter life-span of moat 
riaaes in these warmer eeaa prevent the accumulation of large unexploited atanding atooka and, under 
conditions of steady fiehing, reiult in lower mean abundance from a given annual production. Also the 
wide variety of epeoiee in tropical areae ie ! attractive to in dug trial operation* than the tingle- 
peoiee fiaheriee of higher latitudes. 

6.2 Requirements for further study 

Although the available data have enabled estimate! of potential to be obtained which are useful 
as first rough guides to the possible developments of fisheries in the area, it is obvious that much 
improved estimates are desirable. 

The primary requirement is clearly en improvement in many of the basic statistics. It is impos- 
sible to make any useful estimate of the potential yield if the present yield is not known with any 
accuracy, and this accuracy is lacking in the available statistics of several countries. For nearly 
ell fisheries there is an absence of any data of fishing effort in any form. 

There are very few detailed assessments of the state of stocks and until the basic data, especially 
the statistics, have been improved, the number of stocks for which good assessments are available must 
remain small. 

For most parts of the area, therefore, eetimates of potential yield will have to be \y comparison 
with other, better studied, areas. It is, therefore, important to oheok how valid suoh comparisons 
are. This is best done as a comparison of the stock of commercial fish, e.g. as oatoh per hour of a 
standard unit of gear, but standardisation is not too easy. Any other measure of biologies! produc- 
tivity, from primary production onwards, would therefore be most useful, especially from the waters 
round Indonesia, in which data are vexy sparse. 

Information on pelagic resources end of fish resources generally beyond 30 m depth is also sparse 
and urgently needs improving. Surveys with modern sonars and echo sounder gear to oheok on the presence 
or absence of shoals of pelagic fish (especially if accompanied ty an efficient fishing vessel-purse 
seiner, or mid-water trawler) would be especially useful. 
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1 . TOPOGRAPHY 

At defined here, the coastal watera of tha Baatarn Cantral Paoifio extend from northern 
California (42l) to northern Peru. Conditiona along moat of thie long length (ca 9,000 km 
excluding tha Gulf of California) of ooaatlinaa are rather eimilar - a mountainous shore, with 
a narrow oontinantal ahalf There are a few ana 11 ialanda oloaa to tha ahore off aoutham 
California, and Panama. Of fa ho re ialanda and banka are scarce. Isolated ialanda or i aland 
group a f such aa Clipparton and tha Galapagoa v have only limitad ahalf araaa round them, and their 
main importance to fiahariaa lisa in thair affact on local hydrography and on concentrating tha 
atooka of tunas and othar palagio apaciea. 

Tha Californian ooaat ia fairly straight, with no wida banka or larga bays. Tha largaat 
body of anoloaad watar ia San Francisco Bay, and oppoaita ita narrow entrance tha ahalf widens, 
though only to some 50 km. Otherwise, tha ahalf ia on tha average about 20 km. Sou* of tha 
Naxioan border, tha long paninaula of Baja California ancloaea tha daap Gulf of California; on 
both aidaa of tha paninaula and along the mainland, tha ahalf ia narrow (from 20 up to 70 km). 

Along Cantral Amarioa, tha eoaatlina becomes slightly mora indantad with a rather broader 
ahalf , particularly in tha Gulf of Panama. 

Tha total area of tha ahalf, down to 200 m, at a maan width of about 40 km, and including 
tha araa within tha Gulf of California, ia about 450,000 km 2 . 

2. HYDROGRAPHY 

Tha two major surface currant ayatema in tha region ara tha California Currant in tha 
north, approximately from tha tip of Baja California northward and tha eastward extremities of 
tha Equatorial Currant ayatam in tha aouth. Tha Peru Currant and ita ax tana ion a a tha South 
Equatorial Currant axtanda into tha southernmost part of tha araa. Also important is the 
Subaurface Equatorial Countarcurrant. 

Tha California Currant flowa aouthward off tha American coaat, and ia part of tha ganaraX 
anti cyclonic gyre which dominates tha North Paoifio. It lisa in ona of tha best studiad area a 
of ths ocean, eapecially under tha CalCOFI programme (Raid, Rodan and qjrBie 195B, Wooatar and 
Raid 1963. I^nn 196?). Tha southward flowing currant, aidad \y tha predominantly north and 
northwest winda, produce* strong upwalling of cool nutrient rich watar along tha ooaat, with a 
paak in summer (April-May off Baja California, and progreaaivaly later further north - August 
off Oregon). In winter, the northerly winda weaken or reverse and theajis a counts rcurrent 
along part of the ooaat. Cloee inahore there ia a more complex atruoture, with semi-permanent 
eddies around the channel ialanda of aouthern California, and off southern Baja California 
(SchwartElose 1963 \ 

Off Bade California the California Current swings westward and merge a with the North 
Equatorial Current. The ftjuatorial Current ayatema of the Baetern Pacific have been summarised 
by Wyrtki (1966). Bctwconthe w eat ward flowing Forth and South Bquatorial Currents (rsspsctivsly 
centred roughty between 10* and 20N, and between the Bjuator and 10S) there is the eastward 
flowing lauatorial Countercurrent. Thia dividea on approaching the coast, the larger part 
aw^ngiL noMh along the Central American coaat (the Coata Rica Current), ultimately merging with 
the^orlh fcuatorial Current. The cyclonic eddy thua producea reaulta in the Costa Rica Dome 
(clntrod around 7*-W 87-90W) (Wyrtki 1964), with conaiderable upwelling. Cloae along the 
cwet* IPcal topographical irregularitiea, and differencea in wind produce a mow complex *** 
ThJre are some local centres of upwelling, especially in the Gulf of Panama (Schaef or jl U. 1958). 
Locsl upwelling alec occure in the Gulf of California, depending on the wind conditions. 

The distribution of high concentration of nutrienta, aa measured >y phoaphatee, agrees with the 
uDwelliL aroa - alSng the coaat of California and Baja California and of Ecuador and Colombia, 
Smh^i^hJ CoeiTfica Dome and along the equatorial upwelling., and a little along th. 
Central American coaat (Reid 1962). 

3. PRIMARY PRODUCTION 



The primary production in the California Current haa been atudied by the Scripps Institution 
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r Lit \uSL f. ob..r.tio. of production p.r ^it volt... A ._nr for 
tropical Pacific h.. b,.n giv.n \y Bl.ckfcurn (1966). 
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Production is high in most of the ooaetal and offahore part* of tht region, but lower in the 
oceanic aroaa wall away from tht ooaat except for a band along the Equator. Production in the 
upwelling area* of the California Current ha* been estimated aa 250 agC/a 2 /**? by Cuahing (1969), 
in reviewing the production in all the upwelling aroaa. He eatimated the total annual carbon 
fixation in the California Current upwelling aa 30 Billion tona. He alao eatimated the fixation 
in the Coata Rica Dome aa 15 million tone* 

Production ia alao high in the Oulf of Panama (160 gC/m 2 /?***) "here the phy topi ank ton haa 
been atudied in detail by Smayda (1966). Outeido the Oulf of Panama, alon* the ocaat of Central 
America the production ia not quite ao high (15 mgC/m^/day (Blackburn 1966) or a little over 
100 gC/m 2 /yar). 

In the Oulf of California aeaaonal upwelling and tidal mixing products moderately high 
production, tending to inoreaae from 0.2? gC/m 2 /day in the aouth to 0.68 gC/aT/day in the north 
(Zeitaeohel 1969). 

4* SECONDARY PRODUCTION: ZOOPLANKTON A5D BENTHOS 

Zooplankton atanding crop haa a aimilar diatribution to the primary production- high along 
moat of the coaat v and along the equatorial aone. Chart a of the diatribution have been given, 
for the Pacific by Reid (1962) (in terma of parta per 109 by volume in the upper 150 m - 
approximately mg/m3), and for the world by Bogorov ft al. (1968) (in terma of ag/m3 in the aurfaoe 
layer)* Both indicate atanding oropa of over 100 mg/mTalong moat of the ooaat, with over 200 
in the California Current, off Central America, and off Ecuador. 

The vooplankton in the California Current haa been well atudied, eapeoially under the CalCOFI 
programme (Thrailkill 1956, 1957, 1959, 1961, 1963)* The magnitude and diatribution variea with 
the atrength of the current} when it ia weak, and temperaturea are high, aooplankton ia acaroe 
and high denaitiea (over 300 mg/ar) extend no further aouth than San Franoieoo. When the current 
ia atrong, and temperaturea low, sooplankton ia abundant and high denaitiea extend to central 
Baja California. 

Further aouth, the aooplankton volumea in the ooaatal areaa were eetimatoe by Blackburn (1966) 
aa from 70-120 ml/1,000 03. Holmea H aJL* (1957) ahowed that the diatribution ia not entirely 
uniform, being denaeat off Ecuador, and loweat off Colombia, Panama and Coata Rica, though their 
data did not include obaervationa actually inaide the Oulf of Panama* Forabergh (1969) found 
alightly higher figurea and oonaiderable aeaaonal variation* In the Panama Bight median atanding 
oropa varied from 100 ml/1,000 m' in Auguat and Vovember to }00 ml/1 f 000 3 in Nay* In the Oulf 
of Panama median atanding oropa were between 32 ml/1,000 m3 in Hovember and 130 ml/1 ,000 m 2 
in June* ~~ 

In common with moat other areaa, obaervationa have been reatrioted to atanding atook, with 
no eatimatea of production. Cuahing (1969) aatimated probable generation time of popepoda from 
data on temperature, and henoe eatimated the number of generation! per year, taking into account 
the length of the productive aeaaon* Thia gave 2X2*3X2 genera ti one in the California upwelling 
areaa. and nearly 10 in the Coata Rica Borne* He therefore concluded that the annual production 
waa 2X2-10 timea the mean atanding atook. However, the atudiea by Watera (1969) auggaat that 
the production within a generation ia 2V2-5 timea the mean atanding crop; if ao, the annual 
production of oopepoda might be 6-50 timea the atanding atook* 

5. FISH AKD FISHERIES 

The region oontaina two main dl a tingui enable fauniatio areaa: the tropical area, from Baja 
California aouthwarda, containing a large number of apeciea, none extremely abundant | and the 
temperate or aub- tropical area of the California Current, dominated by a email number of apeciea y 
mainly pelagic (aardine, anchovy, mackerel a and hake), the balance between which aeema to fluctuate 
(Soutar 1967)* Anchovy haa replaced erdine aa the dominant apeciea ainoe 1950* The region alao 
includea the northern fringe of the Peru Current ayatem, with aimilar fauna to that in the 
California Current* 

5*1 The fiafteriea 

The moat favourable area for fiaheriea ia, therefore, in the California Current, and 
historically the biggeat fiahery in the region haa been, in terma of weight, that for the California 
aardine ( Sardine pa oaerulea). Catohea built up fairly ateadily after 1920 to a peak of nearly 
800,000 tona in 1936, and ainoe declined, aa the atook declined, to virtually aero by 1968* The 
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reasons fop the decline art not abaolutely clear, and am discussed later. However, the decline 
in eamne was accompanied by a riae in anchovy, but for various reasons, no substantial fishery 
hat developed on anchovy. Mackerel (Scomber japonioua^ and jack mackerel (Traohurua aymsMtrioua) 
*5* !2 *? ln th * , c * lifo * pelagic fisheries, but not in great quantities [mackerel peak 
of ca 73 1 000 tons in 1935t and Jack mackerel peak alto of ca 75 1 000 tona in 1952). The ma oka pel 
catohaa have been declining at aloioat aa faat a rata aa tha aardine catch. 

The other large California-baaed fiahery ia for tuna. Thie fiehery, which ia now standing 
into the Atlantic, aa wall aa ovar moat of tha aaatern tropical Pacific, i diicuaaed in a a e pa rate 

chapter* 

llio di ecu a Bed aoparately are the ahrinp fiaheriee, which are the major induatrial-ecale 
fiaheriea along the tropical ooaats from Mexico to Ecuador. A email fiehery in the Oulf of 
Panama for pelagic fiah for reduction to meal and oil hae very recently expanded to aome 
65,000 tona, roughly three-quartan anchoveta and the reat thread herring a. 

Although there are no other large-acale fiaheriea, fiaheriea for both demeraal and pelagic 
fiah exiat all along the ooaatf both for aubaiatenoe and local marketa. Along the California 
coaat, aporta fiahermen take aubatantial catohea (a majority of the total catch for aone apeciea) 
and the intereata, or presumed interests, of aporta fishing have been crucial in the development 
of the fiahery for anchovy and other apeciea. A full description of preaent Central American 
fiaheriea ia given by L6pei Qonaalea (1967). A very reoent development has been the extenaion 
of long-range trawl fiahery by USSR into the northern part of the region. Sixty thousand tona, 
moatly hake, were taken off central California in 1967. 

5.2 Statistics 

Statiatioa of total catch are available for all countries, moatly broken down to major apeciee. 
Except for tuna, little long-range fishing has been done until recently, and, therefore,' place of 
landing provides a fair measure of place of capture. Calif ornian veaaela for pelagio and other fiah 
fiah off northern Mexico, and recorda are available on the general area of capture. 

Tha main shortcomings in the statistics have been the aenaral lack of good atatiatioa of 
fiahing effort, except in the few well developed fiaheriea (tuna, ahrimp), and an abaence of infor- 
mation on the quantities diaoarded by the ahrimp fleet* 

In moat ahrimp fiaheriea a large quantity aod variety of fiahea are caught. Some of the more 
valuable may be picked out for aale, and in aome fiaheriea there are movements toward a using the 
traah fiah for meal production. At preaent, however, moat of the fiah are returned to the aea. 
Few accurate eatimatea of the ratio of ahrimp to fiah are available, but in tropical ahrimp fiaheriea 
a ratio of 5 or 10 times aa much fish aa shrimp seems common. Studies have been made by the 
PAO/UNLP(SF) Central American Pro.lect which show_that off Guatemala the proportion of ahrimp may 
be even lower. Samples on board ahrimp veaaela in 19*7 v only 1-1 2# ahrimp, 3-20}fc good quality 
fiah, and up to 90jl of the oatch traah fiah, aui table only for reduction to meal. Similar proportions 
(around 10 of the catch being ahrimp) have been noted for fenamaand Nicaragua (ibrabergh, 19*9) 

Reoent atatiatioa are aummariaed in the Appendix Tablea. Theee tablea include* eatimatea of 
the quantitiea discarded by the ahrimp veaaela, taken aa 5 or 10 times the quantity of ahrimp 
(whole, heads on), which may be under-eatimatoa. Off California, the catch by aporta fiahermen 
eapeoially of bonito, rookfiah and barracuda, approaohea or even exceeda the commercial catch, 
but ia excluded from moat atatiatioal data. 

5*3 Stock assessment 
(a) California Currant 

Tha beat atudied atooka in the area are the aardine and tuna. The latter are diacuased in 
detail in another section, aa are the crustaceans and molluscs. 

The history of the California^ aardine fiahery, and the causes of the collapse of the fiahery, 
have bean reviewed by Murphy (1966). Certain doubta about the causee of the decline are still 
not completely reaolvad. The immediate cauae waa a decline in the recruitment to the ffdine 
atocki thia Ia aaaociated with a marked reduction in the spawning production per recruit (due to 
fiahing) and alao with a big increase in the anchovy population. Murphy obtained two separate 
Btook-racruitmant relationa, for the perioda 1932-48 and 1949-57 and deduced a maximum > eua- 
tainaMeVeld for the firat period of 470,000 tona. Underpreaent conditions, tne yield ia very 
amall, probably negligible off California, and perhapa 30,000 tone off Mexico. 
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Oulland (in preea) showed that the data from th two perioda could be combined in a aingle 
ralation between tha aurvival of sardines fron egg to racruitmant, and tha total pawning biomaaa 
of aardinaa plua anchovy, i.e. tha total number of young fiah competing with tha individual young 
sardine. If thia ralation holda (and particularly if thara ia a similar ralation between tha 
aurvival of young anchovy and tha combined biomaaa of anchovy plua aardina) than tha potantial 
yiald of aardina (or anchovy) cannot ba oonaidarad without simultaneously eonaidaring tha fiahing 
on tha othar apaoiaa. Thia ia tha rational* of tha proposed aubatantial inoraaaa in industrial 
fiahing for anchovy, aimed at restoring tha aardina* A dynamic ralationahip batwaan aardina 
and anchovy ia alao suggested by tha examination of acalaa in bottom deposits (Soutar 196?)* 
Thia ahowa that tha ratio of aardinaa to anchoviaa has variad graatly ovar a pariod of around 
1,000 years. Since tha number of acalaa dapoaitad par unit biomaaa of fish may diffar for dif- 
ferent apaciaa (it appaara that aardina acalaa may ba under-represented in tha bottom deposits), 
it ia not however poaaibla to uaa tha acalaa to estimate tha abaoluta valua of tha ratio of 
biomaaa of aardinaa and anchoviaa* 

Ovar tha pariod thara doaa not appear to ba any significant corralation batwaan tha 
number of aardintand anchovy acalaa in tha same stratum, aa might ba expected if tha inter-relation 
waa a matter of simple and diract competition. Thia may, however, ba the interaction batwaan a 
nagativa ralation (oompatition) and a poaitiva one (changes in tha basic productivity of tha 
region). 

Two apaoial oaaaa can ba identified - tha praaant situation (with virtually no aardinaa) 
and tha 1930 situation (with faw anchoviaa)* If in tha 1930s anchoviaa had baan fished hard enough 
to maintain tha balanca batwaan sardines and anchoviaa, tha yiald of anchoviaa would ba in propor- 
tion to tha standing crop, i.e. about Y2 to X3 that of aardinaa. Thia givaa a total of both 
apaciaa of 1*5 - 1.33 x 470 or 600-700*tXX) tona. 

Tha poaaibilitiaa of harvesting tha present anchovy resource hava baan summariied by 
. Naaaaramith aj fl* (1969)* Larval surveys, based on comparison with larval aardinaa and tha known 
aardina atook, giva estimates of tha present stock of 4-5 million tona, about half off California. 
Some doubt surrounds thia estimate, dua to uncertainties in tha fraquancy of spawning, survival 
of anchovy larvae ralativa to aardina larvae, and aacapa through or in front of tha nata (tha 
smaller anchovy larvae paaa through tha maahaa of nets designed for aardinaa, but may ba laaa 
abla to dodga tha mouth of tha net). An indapandant estimate from aatimataa of school aiaa and 
number of schools waa 1*9 million aohoola, each of ona ton, or 1.9 million tona, off California 
(slightly leaa than the estimate from larvae). 

Tha natural mortality of anchovy ia high* Tha aga composition givan by Baxter (196?) suggest 
an annual survival of about 30J(, i.e. if fiahing ia negligible, a natural mortality coaffioiant 
N * oa 1*0* Taking tha praaant, virtually unfiahad, population as 4 million tona, tha potantial 
yiald may ba estimated, using tha mathod in tha general introduction to these studies aa 
4 x 0.5 x M - 4 x 0.5 x 1.0 2 million tons. 

Thia figure ia considerably larger than tha aatimatad potantial yiald (0*6-0*7 million) 
whan aardina ia dominant* Part may ba dua to tha rough nature of both aata of aatimataa and alao 
to aoma differences in tha araa conaidarad - tha aardina figure not including some potantial from 
southern Baja California. Howavar, there may wall alao ba a real difference in productivity in 
the two aituationa due to a difference in mortality ratea and turn-over rates. Thus a bigger 
proportion of the anchovy atock could be harvested each year. 

A bigger potential yield of anchovy than of aardine would alao make sense in terms of tha 
utilisation of the food resources. The growth data of Baxter (196?)| for the anchovy, and of 
Phillips (1948), for the aardina, show that during the period of greatest abundance in the fishery 
(1-3 yeara old for anchovy, and 2-5 years old for aardine) the anchovy grows much faater than 
aardina (in length 10-30J& for anchovy againat 2-10$ for aardine; or, in terms of weight, 30-1 00# 
againat 8-35$) It is, therefore, reasonable to assume that anchovy use a greater proportion of 
their food input for growth* 

The other pelagic fiah caught in the California Current are mackerel and Jack mackerel* 
Information on mackerel haa been summarised by Kramer (1969). Catches have declined with some 
fluctuationa from a peak of 70,000 tona in 1935 to 7,000 tona in 1966 (2,000 landed in California 
and 3,000 in Baja California). Tha raaaona for thia decline hava baan diaouaaad by iParxleh and 
Blunt (1968)* It appaara that there ia a sharply domed stock-recruit curve for Pacific mackerel, 
and recruitment ia low if tha atock daparta far from ita optimum abundance. It ia believed that 
if fiahing were adjusted to hold the population at ita optimum level, auatained catches of around 
40,000 tona might be poaaibla. The present atock appeara to be below thia optimum level. 
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Information of Jack mackerel ha* been summarized by Blunt (1969) and MacOregor (1966). Aa 
shown >y agg and larval eurveye, and by exploratory fiehing with light a etc., Jack mackerel ara 
common and widely dietributed over the area, and catchea could ba greatly inoraaaad ova* thaaa 
at praaant. Ahlatrom (1968) estimated, from agg data, that tha standing stock in tha aaatant 
Korth Pacific was 2.1 to 4.8 million tona - 1.4 to 2.4 million tona in tha CalCOFI araa. Thia 
aatimata stems rathar high in relation to ths larval catchaa. 

In 1953-8 Jack mackerel larvae were caught in approximately tha same quantities as sardine - 
around one-tenth tha number of anchovy. Aa diacuaaad below, this would suggest a biomaaa of only 
about 0.3 million tona in the CalCOFI area. 

There ia aoma suggestion that tha derivation of spawning abundance from agg surveys giva a 
high aatimata. Tha data of Ahlatrom (originally from Ahlstrom 1959) on eggs, and of Murphy'a 
(1966) Table 15 on biomaaa give the figures in Table J1. 

Tabla J1 - Biomaaa of adult sardines compared with estimated agg production 



Year 


Biomasjs (Murphy) 
(000 tons) 


Eggs (X1Q12) 


Spawning biomaaa 
and females) ('000 


(malaa 
tona) 


1951 


570 


610 


1,694 




1952 


554 


136 


378 




1953 


709 


436 


1,211 




1954 


668 


355 


986 




1955 


425 


163 


453 




1958 


281 


90 


250 




Naan 


534 


299 


829 





Tha spawning biomaaa has baan aatimatad from Ahlatrom'a (1968) relation, i.e. that 
89.6 x 10 agga are equivalent to a spawning biomaaa of 125,000 tona of females, or 250,000 tona 
in all. Overall tha agreement, taking into account the assumptions mada, and tha variability of 
much of tha data, ia good. The mean bi omasa as estimated from agga ia about 50jt higher than 
aatimatad from tha dynamics of the adult population. Thia diffaranca ia probably more than can 
ba accounted for in variations in the latter estimate; it might for inatanca ba accounted for 
by more frequent apawning by the individual female. 

It ia possible, therefore, that Ahlstrom'a estimates for the jack mackerel may ba a little 
high. A range for biomaaa of 1.5 to 4*0 million tona ia, therefore, as aimed hara. 

Tha natural mortality of jack mackerel ia not known. MacOragor (1966) atataa that tha 
commercial catohaa ara mainly 2-4 yeara old (20-38 cm) suggesting a high mortality rate. Howavar 
aport catchaa contain occasionally much older and larger fish (up to 30 yaara, and 75 cm), ao that 
probably tha commercial fleet only exploits a aaction of tha atock, and that tha natural mortality 
may ba fairly low. If one fiah in 100,000 aurvivea to 30 yeara, Jhe average mortality would ba 
4. A proportion of 30 year old fiah much less than 1 in 100,000 would ba inconaiatant with 
thair occurrence in aamplaa, and therefore 0.4 ie around the upper limit to the average annual 
mortality. On the other hand auch old fiah are not common, and a much smaller natural mortality 
would be aurpriaing in compariaon with that obaerved for other moderately small pelagic apeoiea. 
A range of poeeiblc valuea of M of 0.3 to 0.4 will therefore be uaed to provide rough eatimatea 
of the potential yield. 

Us in* the methoda diacueaed in the introduction and the above estimates of biomaaa and 
natural mortality, the ran*e of poaaible valuee of the" potential yield of jack mackerel ia 

1.5 x 0.5 x 0.4 - 4.0 x 0.5 x 0.4 - 0.3 - 0.8 million tona 



or 



1.5 x 0.5 x 0.3 - 4.0 x 0.5 x 0.3 - 0.25 - 0.6 million tona 
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Thttt figuraa inoluda aatimataa for fiah apawning outaida tht CalCQTI araa (neatly to aaaward 
of it), which ahould prtaumably ba inoludtd in tht potantial for tht Saatarn Cantral Pacific ration, 
Barvaating thia quantity would raquira an axpanaion of fiahing btyond tha ranga of tht praaant 
fiahary, probably including a ohanga in praaant nathoda of oaptura and markating. 

Onaothar apipalagio apaoiaa conaidarad by Ahlatrom (1968) ia tha atury (Cololabia f|lt). 
Baeauaa of tha adhaaiva natura of ita agg, agg aurvtya giva only rough aatimataa of abundanoa - 
Ahlatrom givaa a figura of adult atoek of 225,000 tona m tha CalCOFI arta. Saury art attraotad 
to light and art, tharafort, oonapiououaj howavar, larvaa wart aoaroa in Ahlatrom 'a aurvay and 
only 5 wara takan by Barry and Parkina (1966) though tha gaara oonoarnad wara not auitablt for 
aithar larval or adult aaury. Tha avidanoa of abundanoa ia f tharafora, aomawhat inoonaiatant. 
A raaaonabla guaaa at tha potantial yitld in tha praaant arta might bt 100,000 tona* 

Tha othar major apaoiaa in tha California Currant ia tha Paoifio haka (Marlujoj.ua productua ) . 
Thia ia diatributad from Britiah Columbia to Baja California. Spawning ia mainly in tha aoutharn 
part of tha ranga 9 in tha winttr, off aoutharn California, and thtrt appaara to ba a migration 
north to tha main aummar faading grounda off northam California, Dragon and Wa thing ton. Though 
ralatad to auch pradominantly damaraal apaoiaa aa tha ood and haddock, tha haka takaa moat of ita 
food in mid-watar, and alao ia raadily fiahad by mid-watar trawl a whan in larga off-bottom 
conctntrationa. Dua to ita migrationa, tha raaouroa off waatarn Hortn Amarica ahould ba oonaidarad 
aa a wholt, though occurring in two of tha aaparata ragiona uaad in thia atudy (thia ona, and tha 
Horthaaat Paeifio). 

Ahlatrom (1968) aatimatad tha atanding orop of adult t aa 2-4 million tona, baaad on oompariaont 
batwaan haka and jack maokaral larval numbara. It aaama aqually valid to uaa any othar aptcitt aa 
a baaia for oompariaon. In a latar aaotion aardina larvaa havt baan uaad to aatimata tht adult 
biomaaa of a ranga of apaoiaa, including haka and jack mackaral. Sardinaa provida tha bttt baaia 
for oompariaon, ainoa thay art tha only aptcita for which an aatimata of biomaaa ia avail* bit 
indapandant of agg and larva data, and which, fairly cloaaly oonfirma tha aatimata baaad on agg 
counta. Uaing aardina larvaa aa a baaia givaa an aatimatt of haka biomaaa aa 1.7 million tona. 
If, aa Ahlatrom auggaata, haka larvaa art in oocltr watar, and davaloping mora alowly, thia might 
ba raductd to 1*3 million tona. Sot It dapoaition data (Soutar 1967) auggaata larga fluctuation! 
ovar longar ptrioda. 

Satimataa of haka abundanoa hava alao baan mada by trawl and acouatic aurvtya, in tha northtrn 
part of ita ranga. Alvaraon (1968) aatimatad a atanding atook of 0*68 million tona north of 
42H. Thia figurt oould ba conaiatant with any of tht tarlitr tatimatta, dapanding on tht 
proportion ( 15-5551) of tht population north of 42S. A proportion in tht uppar part of thia range 
atama tha mort likaly. 

Taking a ranga of population tisaa of 1.5-2 million tona, and a natural mortality of 0.4, 
givaa pottntial yialda of 



0.5 x 1.5 x 0.4 - 0.5 z 2 x 0.4 0.3 - 0.4 million tone. 



Thia ia vary cloaa to a Ruaaian aatimata, baaad on acouatic aurvaya, of a third of a 
million tona. 

Of thia total, about half (Alvaraon 1968 givaa aatimataa of 150-270,000 tona) ia availabla 
north of 42H, and ia includad in tha potantial for tha Horthaaat Pacific* Tha potantial haka 
oatohaa in tht prtatnt araa will tharafora ba takan aa around 150-200,000 tona. 

Tha potantial for damaraal fiahaa, othar than haka, in tha araa ia likaly to ba amall, dua 
to tha narrownaaa of tha oontinantal ahalf . Tha raaouroaa off California art diaouaaad by Oroutt 
(1969). Ahlatrom (1968) raokonad that aoma apaoiaa (a.g. California halibut) wtra fully utiliaad, 
and othtra (JBngliah and patrala aolaa) wara approaching that laval. Catohaa of tha ralativaly 
high-vtlutd, and aha How watar damaraal apaoiaa (floundara, ttc.) might, thartfort, ba incraaaad 
alightly, aay doublad to around 25,000 tona. Tha biggaat potantial ia for roekfiahaa fSabaatodaa 
tpp.). Larval data auggaat a modarataly largt atanding orop - around 0.5-1 million tona* Many 
of tha apaciaa oonoarnad aaam to bt long-livtd, judgad by data of tha aama or aimilar apaciaa 
alaawhara, auggaating a low natural mortality - aay 0.2-0.4. Thia impliaa a ranga of potantial 
cttchta of 

0.5 x 500,000 x 0.2 - 0.5 x 1 million x 0,4 50 - 200,000 tona 
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^ ^ L t in the southern part of the area (excluding the 

fish used - 
Tuna Comn 

o fish meal and 



SBS 1 -, 

rivera ' Ita araai of *** abundance are Hagdalana 
Point * Mexico ' the Oulf of Pana a ' * nd th <W* of Guayaquil, 
w * X ept in Ma dal ** a Bay-Almeja. Bay, in the Oulf of Panama, 

* Muoh * ia *own of the distribution and fisheries of the thread 

herrings, but they are known to be exploited in the Oulf of Niooya, Coeta Rioa. in the Oulf of 
Panama near Tunaoo, and in the Oulf of Guayaquil, 

of BaSfT}io^ t !S t ?a?o^ t0 2 k / ii ! ii '! llt f th * anohovet PP Mr i tht above mentioned papers 
in S QuTfof L 9 ^ } a H d P S riber h * Ift P^ticular Bayliff (1 9 66) etudied the anohoveta 
in the Oulf of Panama, though unfortunately thia atudy refera to a period (1960-3) when oatohea 

% * *!!' r 80nt (3f4 ? t0 8 ' 2 t0n ^ ai ooini>ttrtd *<> 53,100 ton. in *%6). Within 
lS **' fih "I! W , ld ^ y diBtribut ^. ^ Bayliff. tagging re.ult. .how that there 
atpoh ange among the different area, of the Oulf. He estimated that, by inorea.ed 

t h "Jf 1 * to ^ to in tto main fi.hing area (l.la Verde) could be increa.ed 
, oautioned fiit extrapolation far beyond the range of fi.hing in.ten.ity 

S P ^ nted Ut thit the yield would not wowMriljr be proportional to the 

t M i ^ H ! ! 1 ? t8t ^ attd that the atock i adjacent area (Panam< Viejo) wa. roughly 
?loSS> !. S*4 u ta i PJP ula J lon in th Oulf <>f Panama during 160 wa. eetimated by For.beigh 
(1969; a. having a peak of about 1?O f OOO ton. in April. Given the high natural mortality of the 
anohoveta. the potential yield ie probably not much le... wrwiiv 

Little i. known of the thread herring., but they are of oon.iderable importance became 
they are more .ui table for canning for human con.umption than i. the anchoveta and becauae it i. 
quite likely that the total population of the.e .pecie. i. greater than that of the anchoveta* 
The latter etatement i. baaed on the fact that thread herring occur in deeoer water than do 
anchoveta., and are not re.tricted to water over mud flat.* Baylifi (1969) recorded a maximum 
catch of thread herring, in the Gulf of Panama in 1967 of 27,200 ton.* FAO ma.ter fi.hermen have 
reported .ighting several hundred schools of thread herring of up to 200 ton. in the Oulf of 
Panama. 

Detailed studies of the fisheries and fishery resources in part of the area are now being 
carried out by the UNDP/FAO Regional Fisheries Project for Central America* These should soon 
enable more realistic estimates of many of the resources in the area to be produced* For the 
presentf it seems that recent catches of pelagic fish in the Oulf of Panama are towards the lower 
limit of the likely potential, so that further expansion in the Gulf should be possible, say to 
150"230 y OOO tons. Though the Gulf of Panama is possibly the richest pert of the southern area 
for shoaling pelagic fiah, similar reaouroes exist elsewhere and have been exploited for tuna 
bait, etc., e.g. in the Gulfs of Fonseca and Guayaquil*' Taking into account the length of coast- 
line, the total potential is likely to be in the region of 0,5-1 million tons* 

Less is known about the demersal stocks* The biggest catches are taken by veaaels for shrimp 
amd most of these are immediately discarded. Some attempts are now being made to uae these unwanted 
fish for fish meal* The quantity caugnt is not well known, but experience in similar fisheries 
suggests that in addition to a quantity of high valued fish, which are kept and marketed, and 
therefore are recorded in the commercial statistics, the quantity of trash fish discarded may amount 
to some 5-10 times as great as the shrimp catches* is shown in Appendix Table J1, this implies 
fl*h OAtohnA of from 200-500,000 tons off Cent ml Amrlo. 
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There are indication! that in eeveral parts of the area the shrimp are fully exploited, and 
that little further increases in catch can be expected. However, increased fiah catches could 
certainly be obtained, if desired, by fishing harder in some places with gear adapted for catching 
fiah, rathar than shrimp, and possibly ba measures to reduce tha proportion of amall individuals 
of tha larger apaciaa praaantly caught in tha shrimp trawls. Lacking any battar estimste of 
potential, a figure of 1 million tone of demersal fiah aa the potential annual catch from the 
southern part of the area (Baja California to Ecuador) seems not unreasonable. 

(o) Other estimates of potential 

Beta on egge and larvae have been uaed on a species-by- species baaia in the previous anaJyaia. 
Two methods nave been uaed, directly from egg counts and fecundity data, and indirectly from larvae 
uaing sardines aa a baaia for comparison. The uae of egga haa been diacuaaed under the Jack 
mackerel | similar data are not available for other species. 

Complete data are available of all larvae taken in the CalCOFI surveys, at leaat for some 
yeara. Those for 1955-8 are tabulated by Ahlatrom (1965). The relative numbers of sardine 
larvae, and the corresponding spawning biomaaa (from Murphy 1966), are given in Table J2. 

Table J2 - Numbers of larvae and population biomaaa of sardines 



Tear 


Larva* 


Biomaaa ('000 


toni) Tona/tarva. 


1955 


14,121 


425 


30.1 


1956 


15.523 


293 


18.9 


1957 


9,833 


212 


21.6 


1958 


11,423 


281 


24.6 


Nun 23.8 



For the four yeara thia givea a fairly oonaiatent ratio between the number of larvae caught 
and the apawning biomaaa, with a mean of 23*8 tone per larva. If thia same ratio applied to all 
species, then the apawning biomaaa could be directly eatimated from Ahl Strom's data. Clearly 
thia ia not true, due to differences in egg production per unit weight of adults per year, in 
aurvival of agga and larvae, in ability to escape from the nets, and in growth rate, and time taken 
to reach a sice too big to be caught in plankton nets. Some of theaa will work in opposite direc- 
tions e.g. a greater fecundity will generally mean smaller egga, and thia, probably, a reduced 
initial aurvival of the young larvae. Probably the differencea between apeoiea in the ratio of 
lavaa : adult biomaaa are much leaa than an order of magnitude, and possibly no more than a factor 
of two. For apeciea where there ia no better information available, estimates within thia range 
are helpful. 

Taking a ratio of larvae i biomaaa of 23*8, and assumed valuea of natural mortality, M, aa 
indicated, Ahl Strom's figures yield the eatimatea of adult biomaaa, and potential annual yield 
from the CalCOFI area, given in Table J3 (the biomaaa ia eatimated from the mean number of larvae 
in the 4 yeara). 
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TablaJJ - Numbers of fish larvae taken in CalCOFI collection* and correaponding ee tiro* tee of 
biomaae and potential 





Number 
1955 


of larvae ('OOP tone) 
~1956 1957 1955"" 


Biomaaa Aeaumod Potential 
'000 tona M '000 tona 


EDiDelag^g fill! 


140.2 
14.1 
13.2 
1-9 

60.1 
29.3 

20.4 

13.2 
7.5 

4.8 
2.0 

15-1 
3.2 
12.7 

20.4 


134.9 
15-5 
8.0 

1.5 

94.2 
29.1 

23.6 

10.8 
15.1 

3.2 
1.9 

18.6 
2.1 
9.8 

39.5 


146.6 
9.8 
20.0 

1.9 

78.3 
36.5 

15.8 

16.2 
16.8 

11.6 
2.8 

29.5 
6.3 
55-1 

46.3 


205.5 
11.4 
6.4 
1.3 

58.4 
23.9 

6.7 

16.5 
11.9 

7.1 
3.1 

4.9 
7.0 
55.8 

34.7 


3,700 
300 
280 
40 

1,700 
710 

400 0.4 

340 1.0 
300 1 .0 

160 1.0 
60 1.0 

400 1 .0, 
110 1.0 

790 1 .0 
840 1 .0 


2, 000 (a 
20la 
300-800 (a 
40(a 

150-250(a 
100(a 

80 
430 

| 255 
495 
420 


W 

(o) 

(d) 


Anchovy 
Sardine 
Jack Mackerel 
Mackerel 

Demersal fiah 


Hake 
Rockfiahea fSebastodes) 
Sand daba 
(Citharichthya so.) 

MYC tophi ds 


LamDanjrc^ue mexicanus 


i* Isuoopaarua 
Dioftsnichthys 


Lanternatus 
L. ritteri 

Batkyjafiidae 


Leuroftlossus atilbiua 


Bathvlatfua jfeae^i 


Vincijffuerria ^ucetia 


Othera 


TOTAL 


359.1 


408.1 


493.5 


454.5 


10 r 200 







Notea - (a) Eatimate obtained from analyaea in previoua aectiona 

(b) Eatimate of present potential; 1955-8 lower 

(o) Estimate of present potential; 1955-8 higher 

(d) Potential cstchea eouth of 42N; about half the total 

One general point concerning thia table, and eapecially the uae of the aame factor of 23.8 
to number of larvae to biomass haa been suggested to me by Dr. Paul B. Smith. He haa observed 
differences in the shape of the length frequency distribution, and in the ratio of ca tehee in 
daylight and darkness, between filiform larvae (anchovy, eardine), 'and fuaiform larvae (hake, jack 
mackerel, rockfiah etc.) These differences are probably due to diffarencea in the reaction of the 
larvae to the neta, and in their ability to dodge out of the path. It ia therefore likely that 
the ratio of observed numbers of larvae : adult biomaaa may vary systematically between two group* 
of larvae. 

Too much conaideration ahould therefore not be given to the actual figurea in the table, but 
the following o one 1 us ion a aeem Juatifiods' 

(a) there are no major reaources of medium to large (over 10 cm) fiah not already considered, 
except for a small quantity of aand dabs; (bonito are conaidered, with other tuna, in 
the chapter on oceanic reaouroes); 
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(b) there ie a large reaouroo of mall fiah euch as nyc tophi da amounting to potential of 
perhape 1-2 Million tone par year. 

A aimilar concluaion can ba raaohad from tha data of Barry and Parkina (1966) who surveyed 
tha araa for latar atagee of pal agio fiah, uaing varioua typaa of midwatar trawl* Tha moat 
numeroue apaoiaa waa anchovy (34$ of tha total), follow ad by myotophids. Blackburn (1966) mada 
aiailar aurvaya in tha aoutharn part of tha araa - from cantral Baja California to northarn 
Chile. Hia data ahow no vary obvioua north to aouth differenoea, but a olaar falling off in 
atanding crop with diatanca offahora (20 ml par 1,000 m3 within 300 mi, and 3 ml mora than 
600 mi from tha ooaat). Kyo tophi da wara tha oommonaat fiah. A rough aatimata of tha atanding 
crop of myctophida aouth of California can ba obtainad from Blackburn* a data. Night haul a, 
to 90 m, gava an avaraga catch of myctophida of 3*6 ml par 1,000 o 3 for tha araa within 300 mi 
of tha ooaat. Aaauming that thia appliaa to tha whola araa, tha tip of Baja California to Ecuador 
and out to 300 mi (550 km), tha Bam pi ad araa iai 

550 x 4.500 - 2.5 x 10 6 km 2 
and tha aamplad voluma 

90 x 2.5 x 10 12 - 225 x 10 12 m 3 

Hanoa, tha voluma of my c tophi da in tha aamplad ragion ia: 

3.6 x 225 x 10? or 800 x 10 6 1 , aay 600 x 10* kg or 0.6 million tona, oloaa to tha aatimata 
givan in TablaJ3 for tha abundanoa in tha California Currant. Unlika tha othar papara, Blackburn 
alao conaidarad invar tabrataat of tha a a, cephalopoda wara about one-fifth aa abundant aa fiah* 

Aa a firat guaaa, tha ra fora, tha raaouroaa of myotophida and aimilar fiah in tha aoutharn 
araa - cantral Naxico to Bouador - may ba takan aa tha aama aa in tha northarn araa, i.a. 1-2 million 
tona, and aquid potential aatimatad aa 0.2-0.4 million tona. Longhurat (1969) haa briefly oonaidared 
the aquid potential off California, where preaent oatchea are aome 6,000 tona. Greatly inoraaaad 
catchea would certainly be poaaible, and tha aama figure aa that uaed for the aoutharn area 
0.2-0.4 million tone appeara reaaonable. Longhurat alao noted the large potential provided by 
the red crab (Plauroncodaa); thia ia diacuaaed in the chapter on oruataceana. 

6. SUMMARY AND DISCUSSION 

The eatimatea of potential annual catch derived above may be aummariaed aa followa (in '000 
tona): 

California Current 

Pelagic Demeraal Othara 

Anchovy 2,000 Hake 150-250 Myotophida, 

Sardina 20 Rockfiahea 50-200 deep aea 

Jack Mackerel 300-800 Othara 100 anal t a, ate. 1,500 

Mackerel 40 TOTAL 400 

Saury 100 

Squid 300 

TOTAL 3,010 

or adding potential in the Oulf of Calif ornia, in round . figure* 3-5 million tona of pelagic fiah 

and 0.5 million tona demeraal 

Southern (tropicaj. area) 

Jejuirjai 1,000 Othera 

Oulf of Panama; 

Anohoveta 100-500 Hyotophida, 

Thread herring 100-150 rto. 1,500 

Elaewheros 

Clupeoida, etc. 500-1,000 

Squid 300 

TOTAL (rounded) 1,500 
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At in similar tabulation* in othtr aaotiona thaaa aetimataa muat ba traatad with a graat 
dagraa of oautionj thay provida what ara probably tha baat estimates praaantly availabla. 
Whart only a single figura ia givan, thia doaa not imply that tha aatimata ia battar than whan 
a ranga ia givan - if anything, tha ravaraa. A apaoial faatura of thia ragion ara tha larga 
aoala fluctuation* that hava baan observed, e.g. in palagio fiah in tha California Currant. Thua 
avan if tha aatimataa ara aound for tha praaant situation, thay may ba invalidatad V a ohanga 
in tha ganaral conditions. 

With thaaa raaarvationa aoma ganaral observations can ba mads, Tha potantial of danaraal 
fiah - 1.4 million tona - ia aqual to an avaraga of Just ovar 3 tona/km*, or 30 kg/ha. Thia 
ia a aomawhat intermediate valua compared with othar parta of tha world, and agrees with tha 
ganaral productivity of tha araa - not exceptionally high, nor particularly low. 

Tha palagio raaouroaa cannot ao aaaily ba axpraaaad in auoh comparable terms, ainca tha 
boundary of tha araa to which thay should ba rafarrad ia not wall dafinad. If tha apipalagio 
atocka extend on an avaraga of 200 km offshore in tha California Currant araa, and 100 km offshore 
further south, then tha areas concerned ara about 200 x 2,500 - 50 x 10 3 , and 100 x 5,000 - 
50 x 10^ km 2 . Thaaa would imply yialda, axoluding aquid, of 52 and 24 kg/ha respectively, 
which aaam not unreasonable comparad with other areas. 

A different comparison oan ba made with tha studies of Cuahing (1969) on upwalling areas. 
Ha aatimatad, from data on primary and secondary production, that tha tertiary production (mainly 
fiah faading on sooplankton) on tha California Currant upwalling ayatam to ba 6-7 million tona. 
Much of thia ia baaad from upwalling outaida tha present araa (north of Capa Nandoncino), but 
presumably a part of tha phyto- and aooplankton would ba oarriad aouth. Also tha potantial harvest 
by man will ba only part of tha production, aay around half. Thia auggaata that tha figuraa abova 
for tha potantial in tha northern part of tha araa (4.8 million tons of all fiah, including 
myotophida, ate.) may ba rathar too high. 

Rfguiramanta for future raaaarch 

Though moat of tha aatimataa obtainad hara ara tentative, it ia not obvious, at laaat in tha 
northern araa, what atudiaa could ba mada to produce aarly and aubatantial improvements. . Tha 
California Currant ia poaaibly tha moat intanaivaly studied piaoa of ooaan in tha world, and tha 
aatimataa of adult standing atooka, from agga or larvae, ara probably quita raaaonabla, or at 
laaat about a a aocurata a a oan ba obtainad by auoh mathoda - though battar information on tha 
fraquanoy of apawning would ba useful. Less is known about tha ralation of unfiahad standing 
atook to potantial annual yiald. Alao unknown, and poaaibly important, ara tha intaraotiona 
batwaan varioua atocka, a.g. batwaan anchovy and sardine, and tha dagraa to which it ia realistic 
to aaaaaa tha potantial of each stock independently, or to oonaidar only tha total potantial of 
apipalagio fiah, without reference to species. Tha baat way to solving moat of thaaa problama 
would aaam to ba tha development of larga acala fisheries on aoma of tha praaantly unaxploitad 
stocks, especially anchovy. 

Othar ralavant information would ba a better knowledge of tha population dynamics of tha 
larval fiah, and of tha food requirements and afficianoy of utilisation of food by adult anchovy 
and aardina. 

In tha southern area, there ara more obvious gapa in information. Firat tha atatiatica 
should ba improved, eepeoially on tha fish praaantly discarded by shrimp trawlara. At a minimum 
ragular aatimataa ara naadad of tha total quantity takan, with in addition aa much information 
aa poaaibla on apaciaa composition and aica composition of tha major species. 

Any quantitative information on tha abundance of palagic fiah (with tha poaaibla axcaption 
of tha Qulf of Panama) would make tha aatimataa more realistic. Thia could coma from direct 
exploratory fishing triala, aoouatio surveys, or agg and larval data. Similar data, avan on a 
oomparativa baaia - a.g. aatimataa that tha Gulf of Fonaaoa appears riohar than tha Qulf of 
Panama ~ would at tha praaant taga ba helpful. 
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1. TOPOGRAPHY 

In total aroa this rogion i extremely largo, extending, between 10 and 60S f from Australia 
oastward to 115 W. Voarly all of this it deep water, and the only two major sholf aroas are those 
round Vow Zealand, and off the oast and south ooasts of Australia (including southwest Vow Ouinoa). 
Tho we.tem boundary has boon taken as 130*B south of Australia, and as tho lino fro. Capo York to 
Vow Ouinoa in tho north. 

Tho sholf round Vow Zealand is approximately 200,000 km 2 out to about tho 200 contour. In addi- 
tion to tho south and oast thoro is tho largo Campbell Platoau and Chatham Rise with depths of around 
1,000 m, and snail aroas of shallower wator round Chatham, Auckland and other islands. Tho total area 
of thoso Bodoratoly doop wators is around 300,000 tan 2 . 

Tho sholf round tho oast and south ooasts of Australia nay bo divided into tho wido aroa, inclu- 
ding tho aroa of tho Oroat Barrier Roof off Queensland (oa 220,000 kn 2 )} a narrow shslf (oa 40 kn wido) 
off tho nost southern part of Queensland, and off Vow South Wale* (oa 50,000 to 2 )! Tisnenian wators 



and tho Bass Strait (oa 110,000 kn 2 ), and the.Oreat Australian Bight, including Spencer's Gulf, and 
tho wators off South Australia (oa 350,000 km from Gaps Leonwin to tho Victorian boundary, of which 
oa 190,000 kn2 is tho Groat Australian Bight, as usod by Kostovon and Stark 196?). 

2. HYDROGRAPHY 

Tho southern Paoifio particularly away fron tho South American and Australian ooasts is tho oooan 
in which tho hydrography is loast well known. Tho major currents are in tho north of tho aroa (South 
Equatorial Current, and tho Trade Wind Drift), and at tho extreme south tho Host Wind Drift. la tho 
Tasman Soa tho well-defined Bast Australian Current flows south along the Australian ooast, but booonos 
weaker and diffused south of Qydnoy* Tho current system round Vow Zoaland appoar mriablo. More 
dotailod studios of tho hydrography are given, for Australian wators, in tho studios of tho 081 HO 
(Roohford 19J8, wyrtki 1960) and round Vow Zoaland Yqr Brodie (1960) and Qarnor(l969). 

3. PRDCART FRODCCTION 

Thoro has boon little work over nost of tho region. K6bloats*ishko (1965) has reviewed tho avai- 
lablo literature for tho whole Pacific.* In tho northern part of tho aroa (north of 30S), production 
was low or moderate (loss than 5 ng C/n /day at tho surface, or 130 ng C/oryday). The wators off Vow 
Zealand and Australia south of 30S appeared more productive, with tho nost productive aroas (ovor 
10 ng 0/n^t or 250 ng C/s*) south of Vow Zoaland and south-west of Australia. Tho valuos observed 
even in thoso aroas were, however, not as high as those in other parts of tho Pacific, such as parts 
of tho coastal wators of South and Central America, British Columbia, and Kamchatka. Tho coverage of 
tho aroa is poor, and further observations are noodod. A general description of phytoplankton round 
Vow Zoaland is given by Cassis (1961). 

4. SECONDARY PRODUCTION (ZOOPLAIOCTON AND BENTHOS) 

Vo gonoral study of tho aroa has boon made. Hola and Laovastu (1962) give a nap of tho.world dis- 
tribution of sooplankton standing crop; this suggosts a moderately high value (ovor 200 ng/n* 7 ) round 
Vow Zoaland, and lowsr valuos (under 100 mg/m3) off Australia, though tho sources of thoso figures are 
not given. In another world-wido review Bogorov st al. (1968) give a chart which shows low to very low 
ooplankton standing crops (under 100 mg/m 3 ) throughout tho entire region, except in tho southern region 
towards tho Antarctic Convergence, and along tho ooasts of southern Australia fron tho Bass Strait 
westwards. Better data on sooplankton aro probably available for oortaia aroas near Vow Zoaland and 
Australia* but Quantitative data on tho bonthos soon very soaroo. Tho standing crop on tho sholf off 
Australia, as estimated fron three orui.ee of BVA8 OASCOQNB was low - 10-20 gn0t* (Australia, Department 
of National Development 1965). 

5. FISH 

5.1 Tho fishories 

The fisheries of tho aroa have boon generally on a snail soalo, oarriod out by snail vessel e with 
a variety ofars. Round tho Paoifio islands fishing is nainly for subsistonoo. Fishing for bottom 
fish with trawler! lontf-linos and Banish soinos off Australia and Vow Zoaland has boon oarriod on for 
"l^^!l^istw^ vonturo in tho oarly 1960s with an English typo of distant wator trawlor in 
bothAnmtraliaa and Vow Zealand wators was not very successful, but more recently largo fr*oor~trawlors 
fee* Jaaan and Runania have operated off Vow Zoaland. Japanoso trawl and long-line oatohos of demersal 
fish h^inwoasod slowly fron 2,200 tons in 1961 to sono 10,000 tons in 1965, but as tho statistics 
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show,, local fisheries with wall vessels till account for by for the greatest proportion of tho total 
oatoh. 

The aost important single-epeoioe fisheries are those for crustacean* (rock lobsters, off Vow 
Zaalaad and Australia, and prawns off Australia). These resources and tbooo of the open ocean, inolu- 
din* tbo tunas, art discussed in more detail in separate Motion*. 

5.2 Statistics 

Oocd oatoh statistics aro available for Vow Zaaland and Australia. Iffort statistics bar* boon 
lacking but art now being oollootod in tho major fisheries. Sinee tho vossels oonoornod do not travel 
far the araa details, which aro generally of plaoe of landing, correspond reasonably wall to tho plaoe 
of oapturo. The statistics of tho subsistence fisheries aro probably not mo reliable, bat tho abso- 
lute orror io probably not large. Rooont statistics aro tabulated in Appendix Tables 11 and K2. 

5*3 Btcok assessments 

w 

Aurtralia 

sments have boon madt of some Australian took*. Tho trawl stooks off tho Vow 
South tialas ooMt, particularly of tigor Hathaad (Hacplatyoaphalua naoroaop) aro haavily fiahad 
(VairbridfO 1948, 1952, Houvton 1955). Ino noro rooont kuiorj of thi I iaUry oonfirM thoir analy.i., 
and mcfoato that at bort only mall inoraaM in oatoh of at lout tho favoured opooio* of damaraal 
fiah in thi araa could bo achirrad, and thU would roquiro bottor ana^^ant f particularly a largor 
Mah !, imthor than any further inoroaso in offort* Frooont oatohoo art about 9tOOO tona, inclu- 
dinf 3tOOO ton* of nathoad 



fend othor roioaroh on aohool "hark fivo ortiaato* of annual fishing and natural mortality 
of % and 21% rovpootivoly (Koitovon 1966). Thi u*g*t that exploitation oould bo inoroanod, to 
fivo porhapo two to throo tinoa tho proont oatoh (oa 5,000 ton*), though tho natural mortality nay 
havo boon owvootiaatod. Zn thio ovont tho poMiblo ineroaso in oatoh nay not bo largo* 

VowZoaland 

Vb drtailad aaaaaManti appaar to havo boon nado. Lon^mrat (1998) roriowod information 
on tho Moot important spoeioo (nappar, Ohryoophrya auratut) and oonoludad that tho ooourronoo of 
mallor fiah on tho noro haavily fished grounds waii duo to a olowor abooluto growth rato in thooo 
aroao imthor than duo ontiroly to tho offoot of fitfhing* fhora was, howovr 9 alio a uffgostion in tho 
langth data praaantad that, for that* araaa whara thara was a olaarly bi^Aodal distribution, tho pro- 
portion of fiah in tho largar *io group was low in tho haavily fiihod araai, which it an indication 
of highor total Mortality, duo poMibly to fiching. Tho ttooki nay bo fully oxploitod in MM araas, 
but in Vaw Zaaland watora at a wholo ao*w oxpanoion boyond th* praatnt 8,000 tons should bo possibla. 

(b) Falagio 
Australia 

Thoaaon (1963) has roviowad tha information on tho Australian Mullet, which appears to 
be fully exploited. The stooks of the Australian salaon, Arripis trutta. hay been studied by Malooln 
(1960), and these also appear to be approximately fully exploited (present oatehes oa 4000 tons). 
Present oatehes of sneak or barraoouta (Leionura a tun) are snail, and catches oould, it has been erti- 
ated.be increased at least six tines (Australia, Department of National Development 1965) , i.e. to 
oa 15,000 tons. The other pelagic stock which has been studied in any detail is the southern bluefin 
tunaj this is discussed, with the other resources of the world, in a separate seotion of this report. 

54 Other estimates of resources 

Trawl surveys of some of the waters round Australia have been carried out at intervals over 
the past 60 years, especially in the Great Australian Bight (Houston 1954, Kestoven and Stark 1967). 
The most recent survey was carried out by V.T. SOUTHED! m*AVOOR 9 sad the results have been fully 



analysed ty Keeteven and Stark. The awag* oatoh rate was 0.036 tons per 100 trawler toe-hour f which 

io (Id - * " " 

the range 0.09-O.18. (The figures quoted by lestevon and Stark wore of oatehos of individual speeiee, 



is considerably lower than the rates in the Vorthotst Atlantic (KM 19*7 *tto 6) whieh are nostly 
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whioh are lower than the total oatoh of all species.) Precise comparison it difficult because the nor- 
thorn stocks are all heavily fished, to tho density is auoh Its* than tho original unfishcd density, 
perhaps as little as one-tenth, bat acre probably around onc-quartorf against this, experienced ooamer- 
oUl operation* will, in a given area, obtain a considerably hitfier oatoh than exploratory operations - 
experience off tho US west ooast suggests a factor of up to two. This suggests that the Bight has an 
unfitted standing crop between one-tenth and ono-quartor of soae north Atlantic waters. Omitting 
Xooland and Itroos, where it was believed much of tho catches of fish were ultimately from primary and 
secondary production occurring off tht shelf, tho avenge potential demersal oatohes in tho Xorthoast 
Atlantic, ao estimated in another Motion of this report, were between 0.7 and 1.8 tone/ka 2 . A tonth 
to a quarter of these figures would suggest potential yields of 0.1 to 0.4 toas/kxi. 

Eesteven and Stark oaloulatod a aoan otandiac orop of 3,934 lb/Bi 2 (about 0.52 ton/k 2 ) f amming 
tho trawl oaught ovozythinf in it* path. Thi assumption cannot bo ontiroly valid, and tho authors 
sufgostod that tho figures should be doubled to give a aore realistic oetis*te. 

The potential oatoh, from the aethods developed in the introduction to this report , say be *ti- 
aated as 0.5 x M * standing crop, where N is the natural mortality coefficient, fhis is not known, but 
preliainary analysis of data for the tiger flathead off Hew South Males suggested a value for this 
stock of 0.2 0.4* Using N 0.3 as a possible aean value for all stooks gives a potential oatoh of 
0.5 x 0.3 x 0.52 x 2 . 0.15 tons/knf . 

These figures of oatoh per unit area can be expressed as potential oatoh by aultiplying by the 
total area concerned. The survey only oovered about 15,000 n.ai ooaparod with the total area of tho 
Great Australian Bight of 54,000 n.ai 2 . Probably the density in the unexplored areas is rather less 
than in the areas surveyed - the unexplored areas were largely inshore of the survey area, and oatoh 
rates in the survey area were lower in the shallow water. Therefore tho estismtes of potential oatoh 
obtained by Multiplying the above figures by the total area of the Bight (190,000 ka2) - 19 f 000-76, 000 
tons or 24,000 tons - say tend to be over-ostiaates. 

In Vow Zealand waters no survey has been aade. The fact that the Japanese deaersal fishery off 
the east coast of the Worth Island has not developed to any great extent, suggests that the potential 
is not very large. This is supported by the report that the average sise of fish caught by Japanese 
vessels has decreased during the period of this rather localised fishery. Detailed statistical data 
of Hew Zealand catches show that the catches per unit area of all species of bony fish vary tram over 
2 to less than 0.1 tons/ai z of shelf (to 100 fit - oa 200 a), and suggest that the aain cause of the 
difference is closeness to aarkets and the degree of shelter. Svea if the heavily fished grounds are 
fully exploited, the higher oatoh rates, if applied uniformly to all areas, would iaply a doubling of 
total oatoh. 

Surveys of pelagic resources round Australia have been prinarily concerned with tuna (especially 
bluefin), which are considered separately. Bluefin tuna are aoderately heavily fished (annual catches 
oa 6,000 tons), but appear in the southern waters; skipjack are acre abundant than bluefin, and jack 
aaokerel considerably aore abundant than skipjack. Off Tasaania aircraft sightings of schools of 
aackerel reached a aaxiaua of 2,000 schools, estismted at 3-50 tons per school, oa one day (Hynd and 
Rabins 1967). Since this only includes these fish which were in the survey area, and which were shoa- 
ling near the surface, the figures of 6-100,000 tons for the standing crop nay be very much under- 
estismtes. 

Soae survey data for sardine (Sardincps neopiloharduj) ty aircraft, and research vessel including 
echo sounder records, are also available (Blackburn 1960, Blackburn and Downic 1955)* Off Western 
Australia, Rapeon (1953) estiaated an observed stock along 100 ai of coast as 20,000 tons. Off lew 
South Hales, Blackburn and Bownie found rather larger and aore frequent traces. The area concerned is 
not known precisely, though the length of New South Wales coast from P6rt Jackson south is soae 250 ai, 
suggesting, in comparison with Rapson v s figures, a standing crop of aore than 50,000 tons, 
stiaates of the potential yield nado ty CSZRO in their general survey of Australian fisheries potential 
(08ZRO 1966) was of over 100,000 tons of pilchard and anchovy, and 100,000 tons of jack aaokerel. 

Off Hew Zealand there are little data on pelagic stocks. Recent accounts in the popular fishery 
press refer to resources of a million tons, but the factual basis for this figure is not known. Commer- 
cial fishing on any scale has been restricted to a short-lived fishery for sardines for panning, mainly 
between 1941 and 1946, with peak catches of 300 tons (Buaphrey 1960). Species which are likely to be 
important include the kawhai (Australian salmon, Arripis trutta). which is known to be common, but is 
not exploited in Vow Zealand, trevally fOaranx lutescens). which occurs incidentally in bottom trawl 
catches, sardine and anchovy. 
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6* DISCUSSION 

6*1 Summary of estimates of potential 



Za Table X1 aa attempt has been made to summarise the estimates of potential eatohae, exclu- 
ding molluscs, expressed both as absolute quantity, and as yield per unit area. This table is very 
incomplete, though acme general statements can be made. First, the proportion of crustaceans amonx the 
known resources is veiy highf this would seem to be due to the high economic value of crustaceans (rook 
lobsters and prawns) rather than real preponderance of crustaceans in the sea. In comparison with 
other areas, the yield per unit area of crustacean! is quite high, but of other fish very low. Thus 
the estimated potential ia the Northeast Atlaatio range, for pelagic fish, from 8 kg/ha, ia the Baltic 
to 106 kg/ha in the Bay of Biscay, and for demersal fish from 6 kg/ha in the Baltic to 80 kg/ha off 
Iceland. 

of this difference is undoubtedly due to real differences in productivity, for instance the 
ratio of the potential yields of demersal fish in the forth Sea and the Greet Australian Bight, is 
about the same as the rates of standing crop of benthos. Much though may also bo due to the omission, 
or under-estimatlon of the resourcee in the Southwest Pacific. For example, the heavily fished grounds 
for demersal fish (flathaad, etc.) off Southeast Australia only cover part of the total shelf - the 
shallower water, and especially the part south of Sydney. Other parts may not at present be able to 
support an economically viable fishery, but with better techniques or better prices could provide an 
appreciable contribution to the total catch. The estimates of pelagic resources alco appear almost 
certainly to be conservative estimates. 

. If it is assumed that, omitting the oceanic islands, and the Campbell Plateau, figures for poten- 
tial yields of 10 kg of pelagic fish, and 5 kg of demereal fish oaa be used for purposes of illus- 
tration, then the total potentials of these areas are 900,000 tons of demersal fish, and 1 million tons 
of pelagic fish. To this may be added the potential round the oceanic islands, say of the order of 
10-100,000 teas, plus the Campbell Plateau. This is aa area where potential may be highf the producti- 
vity is moderately high, and though the water ia deep it ia not toe deep for modern techniques. A 
potential of only 10 kg/ha would give a total of 300,000 tons. Clearly further study of this area 
would be very worthwhile. 

6.2 Further studies 

The previous sections have shown that for many of the resources ia the area there is very 
little information on which to base meaningful estimates of potential. There is therefore a great need 
to gather further information over a very wide range, from basic productivity studies (are acme of the 
waters ia the area really as barren as the low catohee suggest?) to exploratory fidhiag. 

Direct surveying work seems particularly desirabls for the demersal resources in the deeper parts 
of the shelf round Vow Zealand, including the Campbell Plateau (e.g. by a grid of trawl hauls), and 
for the pelagic resources generally - particularly using the modem advanced acoustic methods. 
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Table 11 - Estimated potential of the Southwest Pacific 





Hew Campbell _ , ^ 
- . . M * Queensland 


Southeast 
Australia 


Tasmania 
(*) 


Southern 
Australia 


Pacific 
Island 


Zealand Plateau %**" 


Area ('000 ka 2 ) 


250 100 220 


50 


170 


350 


T 


Present catches 
('000 tons) 












Pelagic 


3.4 - 2.7 


7.0 


4.6 


5.5 


? 


Demersal 


31.6 - 1.3 


9.7 


5.0 


3.3 


t 


Crustacean 


5.0 - 2.9 


2.3 


2.1 


2.2 


t 


TOTAL 


40.0 ~ 6.9 


19.0 


11.7 


11.0 


' 


Estimated resources 












Pelagic 


(75)(f) ? ? 


100(e) 


100(e) 


50(e) 


T 


Demersal 


(75)(*) ? ? 


10 


(5) 


10-75(4) 


T 


Crustaoean(o) 


5 * 3 


2.5 


3 


3 


T 


TOTAL 


155 T 3+ 


112 


110 


(100) 


' 


Potential, kg/na 












Pelagic 


2 ? ? 


20 


5.9 


1.4 


T 


Demersal 


2 ? ? 


2 


0.3 


0.5-3(d) 


t 


Crustacean 


0.2 ? 0.14 


0.5 


0.2 


0.09 


? 


TOTAL 


, 


22.5 


6.5 


2-5 


' 



Notes - Includes Bass Strait 

~~ Assuming that present catches could be a little better than doubled 

Assuming a moderate increase in present catches possible. For more details see separate 

section of world crustacean resources 

id) Oreat Australian Bight only 
e) Pelagic resources of tuna, barraoouta (snoek) (30,000 tons), pilchard (100,000 tons) and 
Jack mackerel (100,000 tons) have been distributed somewhat arbitrarily to the sea areas 
around south and east Australia 
(f) Assumed equal to demersal resource 
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tio oov r th * area * lon * the co * of Peru and Chile, south of 5S, and is the 
araa pf tha Peru Currant and tha important upwellinga related with thii currant. 

* v P 1 * *?* lf iS Vtly nmrrow in tha central part of thia area, from about Ilo in Paru until aouth 
of Valparaiso, in which area depths of over 1,000 m can ba found within 30 km from tha ooaat and 
tha width of tha ahalf variaa from a faw miles to about 20 km. To tha north along tha Paruvian 
coast, tha ahalf gets gradually wider, until a maximum of about 130 km in tha ragion of Chimbote, 
whereafter it narrow* again. South of Valparaiao tha ahalf alao widana to a maximum of about 
90 km along tha coast of tha moat southern part of Chila. This a out hem part, oovaring about one 
third of tha Chilean ooaat and running from about tha Golfo da Ancud to Capa Horn, haa numeroua 
ialanda with larga f Jorda and wida ooaatal passages. Tha total ahalf araa ia estimated at roughly 
87,000 km* for Paru (within 200 m depth line) and 300,000 km 2 along tha Chilaan coaat (total shelf 
area), of which tha latter is estimated to contain an araa of about 90,000 km 2 of trewlable ground 
of less than 200 m deep (Laavaatu 1958, Piadlar 1952, Langarich 1957). 

Tha waathar north of 35S is in general favourabla to fisheries, but from hara towards tha 
aouth tha wind becomes incraaaingly difficult. Between 40 and 47S, fiahing can ba carriad out 
with madium to larga sited boats during tha summer and with difficulty during tha winter, whereas 
further aouth tha relative gala frequency increases further and makes fiahing naarly impoasible, 
axcapt for vary larga boats or in tha sheltered fjords (Laavastu 1958, Brandhorst 1965). Little 
information has baan published on tha fiahabla grounds in tha araa. Tha Fisheries Development 
Instituta in Santiago has dona exploratory fiahing in some parts of tha araa. 

Tha Peru-Chile Trench, which liaa a short distance off tha coast of Paru and northern Chila 
till about Vslparaiso y raachas a depth of ovar 3,000 fm and at soma placaaovar 4,000 fm. Further 
offshore, tha sas basin has for tha greater part a depth of ovar 2,000 fm, with soma shallow 
areas around tha Juan Fernanda! Ialanda, axtanding northwards aa a ridga of lass than 1,000 fm 
daap and with a minimum dapth of 300 fm. 

2. HYDROGRAPHY 

2.1 Tha currant systems 

Sub-Antarctic watar which flowa east across tha Pacific Ooaan reaches tha Chilaan coast bet- 
ween 44 and 48 8, in summer somewhat more southerly. From here, tha Capa Horn Currant flows along 
tha coast to tha south and tha Paru Currant or Humboldt Currant follows tha coast northward until 
about tha northern boundary of tha area. Thia currant system extends to several hundreds of miles 
offahora. Two branches can ba distinguished, tha offshore Paru Ocaanio Currant, which reaches to 
about 700 m depth, and tha inshore branch, tha Paru Coastal Currant, down to about 200 m dapth. 
Tha inshore branch loaaa strength whan proceeding to the north, and reaches to north of Callao. 

Tha Peru Currant carriea cool, nutrient rich water to tha north and moves slowly with a 
spasd of about 0.2-0.3 knots in tha coastal araa. 

Tha surf sea tempers ture at tha beginning of tha Paru Currant is 10-15C. Whila tha currant 
movss north, tha temperature slowly increases until it reaches 18C in the southern winter and up 
to 22Ciin the summer in the coaatal area off the north of Peru, with somewhat higher temperatures 
further offshore. The salinity is about 34*0 in the south and increases by evaporation up to 
35.0 in the northern part of the area. (In the coastal area of the Cape Horn Current, the salinity 
goes down to 33*0). 

In sub-surface layers an under-current flows south cloae to the* coasts of Peru and Chile. It 
contains equatorial sub-surface water and appears to originate near the Equator where it is present 
at a depth of less than 100 m and reaches down to a depth of aeveral hundreds of metres. It extends 
south to about 408 where it ranges from a depth of 100-200 m to about 200-300 m. On the shelf, 
the current comes closer to the surface. The water haa a aalinity of 35-34. 5%o. The entire water 
mass st these depths is of very low oxygen content, and high in nutrienta. 

Wyrtki (1963) stresses that the Undercurrent should be well distinguished from the Counter- 
current, which separates from the Undercurrent in the north and flowa south between the Peru 
Oceanic Current and the Peru Coastal Current aa a weak and irregular flow. This current readies 
a few hundred metres depth and only occasionally reachea the surface (between November and March), 
From April to June this southward flow ia only occasionally observed and its location is more 
variable. 
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Along the coast there are several centres of upwelling, caused by the southerly and south- 
southeast winds prevailing in the area, which carry surface water away from the coast. This results 
in water being drawn to the surface from depths of generally less than 100 m. The coastal upwelling, 
therefore, represents only an overturning of the upper layers. From the upwelling centres, tongues 
of relatively cool water leave the coaat and it eeems that eddies are formed, the one branch formed 
by these tongues and the other branch moving inward carrying oceanic water towards the coast (see 
Sverdrup ej; al y 1946), 

From December to February warm tropical water shifts southward along the coast of Ecuador, 
and extends in a small atrip along the coast of Peru south of 5S. In some abnormal years the 
water reaches much farther south, resulting in the sea surfsce temperatures of up to 7 higher then 
normal and salinity between 33 and 34*Y far south along the coaat of Peru causing the strip of cool 
upwslling water to disappear. This phenomenon is called "El Kino". 

(For general description of the hydrography of the area see Sverdrup et al. 1946. Wooster 
and Gilmartin 1961, Wyrtki 1963, 1966). 

22 Effect of the current systems on the marine life 

The upwelling along the Chilean and Peruvian coasts brings nutrient rich water to the surfsce 
and is the cause of an enormous growth of plankton on which in particular the huge school of ancho- 
veta, but also many other pelagic animals and their predators depend. On the other hand, the Peru 
Undercurrent covers a very substantial part of the shelf area and the occurrence and abundance 
of species on which a demersal fishery can exist will thus be related with their ability to live 
in an environment of low oxygen content. 

If the "EL Nino" phenomenon occurs, both the distribution of the organisms in the coastal area 
and their abundance are affected. Many organiams from plankton to fish die, whereas others may 
migrate from the area or withdraw to deeper and cooler water. This makes the fish inaccessible to 
the guano birds, ^which in their turn die or migrate. Although dead fish may cover the beaches, the 
effect of "El Nino" on the magnitude of the resources is not really known. The inshore movement 
of warm and saline water by the coastal swirls described above also has considerable variation, and 
whsn it shows a greater development it has a similar effect to that of "El Nino", though very much 
milder. * 

}. PRIMARY PRODUCTION 

Due to the upwelling along the Peru Current, the primary production in the area is high. 
Quille*n and Isaguirre 0968) gave an average of around 190 gC/mvyear. Strickland, Sppley and 
Rojas de Mendiola (19^9) estimated the annual production near the coast of Peru at more than 
200 gC/m2, but suspect that it is considerably greater, possibly of the order of 500 gC/m*. 
Gushing (1969) reviewed the available data on production in the upwelling areas in the world. He 
estimated the total carbon fixation in the Peru Current upwelling area (an area of approximately 
1 x 10^ km) at 155 x 10 tons C/year, of which about 45 x 10" tons were estimated to be produced 
off Chile and the remainder off the coast of Peru. This is lower than the estimated fixation in 
the Benguela Current upwelling of 278 x 10 tons C/year, but several times the estimated figure 
for any other upwelling area of the world. Rather different figures have been obtained by other 
authors, depending on the length and especially width assumed for the area of high productivity, 
e.g. fyther (1969) used a width of only 50 km, rather than Gushing *s values of up to 400 km, and 
thus obtained a much lower figure. More recent studies have shown that there is very much small 
acale variation in the upwelling process, which may have to be taken into account in obtaining 
more precise estimates of total primary production (Strickland, Eppley and Rojas de Mendiola 1969). 

Outside tne upwelling areas the estimates of primary production are much lower* Forsbergh 
and Joseph (1969) give observations which show that whereas in the upwslling areas the carbon 
fixation was generally over 45 mgC/m3/day and varying up to occasionally 200 ngC/03/day, the 
observations at more than 100 km offshore are generally below 15 mgC/m3/day and at more than 500 km 
offshore mostly below 5 mgC/m3/day. 

4. 200PUNXTON PRODUCTION 

A substantial number of haula for moo plank ton have been made in the area of the Peru Currant 
but have not yet all been worked up, or published. On the basis of available observations, 
(Floras 19$ 7, Guillen and Floras 1967), Gushing (1969) estimated the standing stock in terms of 
carbon content in the different upwslling areas off Peru and Chile as ranging between, on the 
average, 2.5 and 8*5 *C/a 2 , and the production as 16*21 x 106 tons C/year, of which somewhat . 
less than half is produced off Chile and somewhat more than half off Para* As for the hydrography 
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and primary production, atudiee now in progress suggest a high degree of moderate to small scale 
variation in cooplankton abundance. When the results of these studies are published it Kill be 
possible to make much better estimates of standing stock and of production, 

5* THE FISH AND THE FISHERIES 
5.1 Statistics 

Reasonably good statistics of total catch are available of the landings from this area (see 
Appendix Table L1). With the exception of tuna, practically all the fish landed from thia area is 
caught by vessels of the two coaetal countries. Effort data are available for the most important 
fisheries, although often for the most recent years only. Data on the location of the catches 
are lacking, but most fishing trips are of relatively short duration and thua the catches mainly 
derive from the area fairly close to the ports of landing. Except for the huge anchoveta fishery, 
and to some extent, the hake and bonito fishery, most of the other fisheries are still at artisanal 
level. For the latter fisheries species breakdown of the catch is not always possible and effort 
data are mostly limited to the number of vessels. 

5*2 The fisheries 

By far the major fishery in the area is that for anchoveta (Enaraulis ri ngena ) ca rri ed out 
along the whole coast of Peru and the extreme northern part of Chile, which started to develop 
in the second half of the fiftiea and reached a high level already in the early sixties. Other 
important fisheries are thoae for sardines (Clupeaj in central Chile, for tuna-like fish (tuna, 
bonito) in Peru and northern Chile, and a trawl fishery for hake (Merlucciue) off central Chile. 
Shrimp fisheries in Peru, and Chile, and molluscs in Chile are alao valuable. Smaller fisheries 
include those for mackerel-type fish, jack mackerel, machete, dogfish, crabs, and several minor 
apecies such as croakere, congrios, and others. A fishery for hake is developing off northern 
Peru* The fisheries for tunas, crustaceans and molluscs are discussed in more detail in the 
relevant chapters which deal with theae resources on a world basis. 

5.3 Stock evaluation 

5*3*1 Anchoveta (Eh/graulis ringens) 

In terms of volume the Peruvian anchoveta fishery is by far the biggest single species fishery 
in the world. This seems to be due to a variety of reasons - the high productivity of the region, 
the fact that the anchoveta has no competitors of comparable abundance, and that it comes very 
early in the food chain. Though at some times of year adults feed heavily on sooplankton, as do 
young anchoveta, at other times the adults feed wholly or mainly on phytoplankton (Rojaa de Hsndiola 
el Sit 1969). 

Data on the anchoveta fishery have been collected by the national research institutes nearly 
from the beginning of the development of this fishery, and several .papers studying the state of 
these stocks have been published (Murphy 196?, Boer em a jat al. 1965, Schaefer 1?67, Cull and 1?68 9 
internal reports UNDP/FAO Fisheries Project Chile). Summary statistics are set out in Table L1 
below. The general consensus of these studies is that the anchoveta stocks are near to being 
fully exploited. The latest studies of the Institute del Mar in Peru (1969) indicate that 
the sustainable yield of the stock along the Peruvian coast is, on the average, between 8.5 and 
9 million tons, with fluctuations around this figure due to the variations in such things as 
recruitment, and consumption by birds. This fishery is now regulated by a system of closed sessons 
and annual quotas* The latter are set taking into account the estimates of the recruitment level, 
and accordingly the recorded catches in seasons 1967/8 and 1968/9 reached a level of 10 million 
tone. 

The system of recording catches in Peru wider-estimates the quantity landed of the small fish* 
Making allowance for this, and applying these corrections to the yield estimate, it is likely 
that the average sustainable yield, as well as the actual catches in the last years before the 
1967/8 season, are at a level of between 10 and 11 million tons. The actual catches in the last 
two seasons may have surpassed 12 million tons. 

The catches of anchoveta in northern Chile have fluctuated in recent years between 0*5 
and 1 million tons, independent of the fishing effort. It seems likely that these fish belong to 
the same stock as those in southern Peru, and that catch fluctuations are due to variations in 
distribution and availability. It is believed that further effort would not appreciably increase 
these catches, and hence that the present figures indicate the approximate maximum auatainable 
yield. 
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Table L1 - Summary statistics of Peruvian anohoveta fishery (oatoh in '000 tons, ffort in f OOO OHT-trips, 
corrected for efficiency) 



Ttr 


All countries 
Cat oh Effort o.p.u.e. 


North 
Catoh Effort o.p.u.e. 


Central 
Catoh Effort o.p.u.o. 


South 
Catoh Effort o.p.u.e. 


I955(a) 


59 (b) 


(a) 






I95*(a) 


119 (b) 


(a) 






I957(a) 


326 (b) 


(a) 






195<Ka) 


737 (b) 


(a) 






1959(b) 


1.908 (b) 


689 


1,159 


59 


I960(b) 


2,943 (b) 


885 


1,944 


113 


1961 


4,579 7,745 0.591 


1,444 2,553 0.566 


2,971 4,912 0.605 


164 280 0.586 


1962 


6,274 10,746 0.584 


2,193 3,272 0.670 


3,800 6,910 0.550 


281 563 0.499 


1963 


6,423 16,830 0.382 


1,907 4,682 0.407 


4,095 11,183 0.366 


419 964 0.435 


1964 


8,863 21,695 0.409 


3,429 7,086 0.484 


4,649 12,775 0.364 


785 1,833 0.428 


1965 


7,233 21,986 0.329 


2,289 6,918 0.331 


4,346 13,052 0.333 


597 2,010 0.297 


1966 


8,523 20,148 0.423 


2,897 6,369 0.455 


4,719 12,517 0.377 


905 1,931 0.469 


1967 


9,824 20,948 0.469 


3,837 7,393 0.519 


5,477 12,420 0.441 


509 1,164 0.438 


1968 


10,106 21,232 0.476 


4,350 8,548 0.509 


5,097 11,428 0.446 


658 1,327 0.496 



Notej - (a) Data by regions not available 
( b) Effort data not available 



Accordingly, the total average sustainable yield of the anohoveta stocks off Peru and northern 
Chile is estimated at about 11 million tons* The fishery is managed in such a way that this is 
the average catch actually obtained* Some increases in the sustainable yield might still be possi- 
ble if the catch of the very small fish could be avoided. Oulland (1968) estimates that the rate 
of exploitation, I, is probably a little less than 0*5 (i.t. the fishing mortality rate is slightly 
less than the natural mortality rate), from which it would follow that the present average total 
annual production would be of the order of 20-25 million tons and the natural mortality between 
10 and 15 million* Part of this mortality is due to predation by the guano birds. Jordan and 
Fuentes (1966) estimate that the quantity of anchoveta eaten by the average population of birds 
(15-20 million) is of the order of 2.5 million tons, and thus between one quarter, and one sixth 
of the total natural deaths, but recently the population and consumption of birds has been lower. 

The predation by the birds will affect the commercial catches, but it is not clear to what 
extent reduction of the bird predation would lead to an increase of the quantity of fish available 
to the fishermen (Oulland 1968). 

Outside the area presently exploited, anohoveta is observed further south along the Chilean 
coast, in very much smaller quantities, however, than in the areas discussed above. These quanti- 
ties will therefore not significantly affect the total estimates. Furthermore, in these areas 
some anchoveta is caught mixed with sardine and will thus be included in the sardine estimates* 
In the same way, the anchoveta estimates in northern Chile may contain an admixture of other 
species* 

5*3*2 Hake (Merluocius *yi) 



Two distinct areas of distribution of hake are found in the region, off central Chile, while 
it is exploited mainly between about 30 and 37S out extends south to over 40S, and off northern 
Peru, between about 4 and 8S. Between these two main areas, small -quantities are found at several 
places all along the coast* 
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The hake atooka off Chile have bean exploited at a fairly constant laval from about 195$ till 
tba early sixties, with tha oatchaa fluctuating between 70 and 80,000 tons. From 1961 the catches 
roaa to ovar 100 f OOO tona in 1963 and 1965 (with a fall in tha landings to 73,000 tona in 1964, 
poaaibly dua to low availability of tha fiah in that year), and declining tharaaftar to 80,000 
tona in 1967* Saataradal and Avilta (1968) analysed tha fishery in tha period 1960-6* In thia 
pariod tha affort did not change graatly until 1964-5, whan a substantial inoraaaa took plaoa. 
Tha available data suggest that tha incraaaa in affort waa accompanied by a aubatantial decrease 
in tha oatch par unit affort, but tha affort estimates are vary rough only, and further data ara 
naadad to obtain a quantitativa estimate of thia affact. Saateradal and Villegas (1968) mention 
that in tha araa off Valparaiao tha relative proportion of larga haka has dacraaaad conaidarably 
in racant yaara aa compared with 1958-9. 

Tagging experiments of larga fish with external taga have shown a recovery rata of about 
9f> in tha yaar aftar tagging (Saataradal and Villagaa 1968). Tha recovery rata of tha trawl fishery, 
whioh accounts for 90-95* of tha landing, waa, however, ouch lowar than that of tha handline fishery, 
par ton of haka caught, whioh indicates that many of tha taggad fiah caught in tha trawl fiahery 
hava not baan diacovered, partly dua to tie fact that about ?0jt of thia catch ia uaad for fiah meal. 
Mora racant figures from tha Chilaan Institute da Fomanto Paaquaro ahow that of 3,800 taggad fiah, 
140 wara returned within 3 months, which extrapolated, would mean a return rata of about 16# par 
yaar. Detailed analyaia has suggested a high rata of tag lose. Taking into account tha inavitabla 
effects of tagging mortality, tag losses, and losses in recovering and reporting of tags, thaaa 
figures indicata a aubatantial fishing mortality. 

Saeteradal and Villages (1966) mention that differences in growth, size compositions and sex: 
aica ratios suggest that tha mixing of the hake stocks along the coaot ia incomplete. On tha othar 
hand tha tagging experiments hava shown that the hake migrates ovar long distances, up to 400 km, 
probably ralated with spawning and growth, and it may wall ba that in affect tha whole population 
ia axploitad. 

No datailad assessments are as yet available. The information givan abova indicataa, however, 
that tha fishery takaa an appreciable fraction of tha stocks, and could already ba fairly oloaa 
to tha optimum potantial. Further analyses are in progress at tha Chilaan Inatituta. For tha time 
baing tha avaraga potantial of tha atocka can perhaps be estimated at, say 120,000 tona. Including 
tha araaa where marlusa ia present in small quantities along tha coast, thia night bring up tha 
total to 130,000 tona. 

Tha haka stocks off northam Peru have until recently baan only vary lightly exploited. In 
1966 tha landings reached 10,000 tona and in 1967 20,000 tona. Exploratory fiahing by foreign 
research vaasala, and experimental and exploratory cruises with commercial vaaaala had indicated 
tha occurrence of larga achoola of haka in tha araa. Recent acouatic surveys, combined with 
fishing, carried out by tha Peruvian Inatituto dal Mar, showed that tha haka ia mainly concentrated 
ovar a distance of roughly 250 km along the coast, and batwaan tha depth contours of 100 and 300 au 
<in water with an oxygen content of around 1-2 ml/1 (Institute dal Mar 1969). (Similar obaervmtiona in Chile 
showed that In that area the ma jor concentrations are oft en found between depths of 100 and 200 m, at an 
oxygen content of between 0.6 and over 1 ml/1 (Inatituto da Fomento Peequero 1968). Bono records were 
obtained showing concentred ions of ovar 1 ,000 f iah/n.mi which ire estimated to be rather higher 
concentration, tnan tnoae observed by Gushing on the Atlantic coaat off aouth and aouthweat Africa 
(Midttun 1969, Cuahing 1968). Ho detailed comparison ia preaently available, but aa a firat 
estimate and taking into account that the atocka off Africa were already rather intensively 
exploited at the time of the survey, it could be assumed that the average potential per unit 
aurface ia approximately similar in these two areaa or maybe somewhat greater in Peru. The area 
of distribution off northern Peru ia perhaps somewhat less than .one tenth that of aouth and 
aouthweat Africa. The hake potential in tha latter area ia estimated at 500,000 tons, and on thia 
baaia the potential off northern Peru would be of the order of, say, 60,000 tona. Noting that the 
main hake area off northern Peru extende along the ooaat over a diatance equal to about half the 
diatanoe covered by the main hake grounds off central Chile, and assuming that the Peru potential 
per unit area would alao be similar to that off Chile, a figure of the aame order would be 
obtained. 

No data on catch per unit affort of the commercial haka fiahery off northern Peru have aa yet 
been publiahed, but the relevant data are at present being collected and analyced at the national 
fiaheriea inatitute. Some data on oatch ratea from exploratory vessels are available, but are 
difficult to compare with those of other regions, due to the different methods and geara uaed. 
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Thus, the potential of the resources of hake (Merluocim gay 1 ) in the whole area under 
consideration would probably be of the order of 200,000 tone. 

5 O*3 Bonito (Sard a ohillenaiB and fi. yelox) 

Two apeciee of bonito are caught in the area, Sard a ohiliensis and &L velox. j^ velox items 
to reach the southern limit of its distribution off northern Peru, whereas & chiliensis extsnds 
along the Peruvian and Chilean coasts to about 35S. No distinction is made between the two 
species in the data of the commercial landings, and the proportion of each species in the total 
landings is unknown. 

The landings in Peru have fluctuated between 60 and 75,000 tons in the last seven or eight 
years (the rather higher figures for the earlier years of this period published in the official 
statistics of around 100,000 tons around 1969, may have been over-eetimatea. Revised figures have 
been collected by the Institute del Mar). The total effort in this period is estimated to have 
remained fairly constant. 

The landings in Chile increased in recent years from a few thousand tons to a peak level of 
12,800 tons in 1966, but have since decreased to 4,100 in 1968, although fishing effort has con- ' 
tinued to increase. 

Bonito concentrations are often found associated with the anchoveta*. There is substantial 
seasonal variation in the catches, probably related with the migration pattern of the fish. The 
fluctuations in the annual catches are thought to have been due to variations in migration and 
availability. 

Ho data on the extent of the stocks, the sice and age distribution of the landings, etc., 
are as yet available. It is possible that the stocks are already rather heavily exploited, and 
that the present yield is not very much below the optimum potential . 

Ho estimate of the potential of these stocks can at present be made, other than atating 
that it must bs at least as high as the present average catch of roughly 80,000 tons, and is 
likely to be higher. 

5*3.4 Common sardine (Clupea bentincki ) 

This species is found along the Chilean coast between about 30 and 408. The records on 
which the official statistics are based do not always clearly distinguish between the various 
clupeoid species and often include mixed landings under one heading, and therefore the published 
statistics are not reliable for the individual species. Figures collected by the Chilean Institute 
de Fomento Pesquero show that the fishery for this species has developed rapidly in recent yeara 
from about 20,000 tons in 1963 to over 80,000 tons in 196? 9 mainly caught in the Arauoo Bay at 
about 37S. Small quantitiea are landed annually in ports further north along the coast. 

Such explorations as have been carried out up till the present hsve not yet shown the existence 
of substantial concentrations outside the Arauco Bay. It seems unlikely, however, that the species 
is practically limited to this bay. No assessments of the sardine fishery in the bay are available, 
and it is possible that here also the catch can be increased further. It is not possible, on the 
basis of the available information, to make any assessment, but it does not seem unreasonable to 
assume that the production of this species could at least be doubled. 

5.3*5 Other species (demersal) 

Both in the commercial trawl fishery, and in the artisans! fisheries of different type a, a 
large variety of species of demersal fish is caught. Ko assessments of any kind are available, 
and even the total landing atatiatica may not be very reliable in their details of these species. 

Exploratory cruises have provided some information of the species composition and the 
distribution on the trawl able fishing grounds, in particular off northern Peru and central Chile. 



de Vildoso (1963) suggests that the area of distribution is limited to the coasts of Peru and 
Chile, where most of the catches are made within 30 ml offshore. 
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For the area off northern Peru, recent cruiaea combining aoouatio aurveye with trawling have 
provided aome quantitative estimates for that area, approximately between ]Pand 9S. The apeciaa 
compoeition varied within thia area, oonaiating predominantly of hake in the aouthern and of other 
apeoiea in the northern part, mainly tollo (Muatelua ap,) t cabrilla (Paralabrax ap.) t donoella 
(Hemanthiaa ap), and in the northermoat part or the area bereche (Ctenosciaena). In the whole 
or tne area, Take formed about 10% and the other apeciea 30$ of the catch. If thia proportion would 
alao apply to the oatch potential, the eatimate of the catch potential of hake of 60,000 tona would 
give aa eatimate of 25,000 tona for the other demersal fish in thia area, and a figure of yield of 
all demeraal fiah of about 20 kg/ha. 

The ahelf area north of 9 S covers somewhat leas than half the ahelf area of the Peruvian coaat. 
Few ezplorationa for demeraal fiah have as yet been carried out in thia area south of 9S. In 
young hake, smaller than 25 cm, waa found up to about 14S (del Solar, Sine he a and Piaa&a 1965)* 
and small concentre tiona of hake have been encountered in the southern part on other occasions. 
Explorations carried out recently indicated that the abundance of demeraal fiah south of 9S f until 
the Chilean border, waa conaiderably lower than in the northern area, due to the general abaenoe of 
hake* The species composition of the other fish was somewhat different from that in the north, but 
the data are insufficient for more detailed comparison (Jordan and Villanueva 1969, Puentes, Me si a 
and Saraaroe* 1969)* Aa a firat estimate, it could therefore be taken that the abundance of demeraal 
fiah along the Peruvian coast south of 9S is about equal to that of the demeraal fish f excluding 
the hake, in the northern part, and the catch potential would therefore provisionally be taken aa 
being alao of the order of 25,000 tona. Thia would give a total eatimate of 50,000 tona for the 
oatch potential of all demersal fish other than hake, along the whole Peruvian coast. 

In the area off the Chilean coaat, a number of exploratory cruises have been carried out in 
the area between about 30o and 40S (Vestnes, Strom, and Villegas 1965; Veetnes et al. 1965, 1966; 
Mistakidia and Henrique* 1966; Institute ds Fomento Pesquero 1968, 1968a). During theae cruiaea 
echo sounders were used and exploratory trawl hauls made* On the average, the catches oonaiated for 
about 80Jfc of the hake and for 20$ of other demersal fish (crustaceae have been excluded in these cal- 
culations). Main species in the "other fish" were peje-gallo (Callorhynchus callorhvnchue) merlu&a 
de cola (Macruronua maaellanicus. caught especially in the southernmost part of the area), peje-rata 
(varioua Macrurids), cabrilla (Sebastodes spp*), lenguado (Parallchthvs app.), beaugo (gpjgonus sp). 
Further south, recent exploratory fishing has given occasional good catches (up to 16 tons) of 
Macruronua (institute de Fomento Pesquero, unpublished information). Again assuming that the pro- 
portion of hake and other fish would also apply to the catch potential, and that the hake potential 
in this area ia 120,000 tons, the potential of other demersal fish in this area would be of the 
order of 30,000 tona, and the total potential yield per ha would be of the order of 25 kg. 

The area north of 30S until the Peruvian border seems to be less suitable for trawling, 
and haa a fairly narrow ahelf. South of about 45S, and up to at least 51S, it also seems that 
in general the bottom ia not aui table for trawling, but insufficient explorations have been carried 
out* Some observations with long- lines showed that good catches of congrio (Oenyfrterua ep.) can 
be made in the aouthern area. A few exploratory surveys have been carried out in the area between 
400 an <i 45<>s y in which the trawl catch per hour of fish other than Gadoids waa of roughly the aame 
order of magnitude aa that in the area between 30 and 40S (Stroem gt aK. 1966; Villegas, Trujillo, 
and Lb*hre 196?). For the area eouth of 45S practically nothing ia known, except for the Chilean 
king crab (Lit hod as antarctica). which is caught mainly around the Strait of Magellan, 

If it ia assumed that the denaity of demersal fiah other than Oadoida on the whole of the 
aouthern and northern parta of the ahelf area off Chile is about the aame aa that of the area 
between 30 and 40S, even though the species composition will be different, and noting that the 
total ahelf area ia about 5 timea that between 30 and 408 f a very rough firat estimate of the 
catch potential of thia fiah along the whole Chilean coaat would be of the order of 150,000 tona. 

Two apeciea of Oadoida are found in appreciable quantities south of about 40S, the aouthern 
hake (Merluociua poly le pis) and the grenadier (merluza de cola, Macruronua magellanicua)* Only 
the firat of the two apeciea ia exploited in very email quantitiea, from one of the local porta 
in the area. A few exploratory cruiaea between 40 and 45S gave average catch ratea which were 
for aouthern hake about one eighth of the catch rate of Merlucciua gavi between 30 and 40S, and 
for the grenadier somewhat more than half that of Mj. ga.vi Nothing ia known of their abundance 
further south, nor of the aouthern limit of their diatribution. Taking into account the magnitude 
of the aouthern ahelf area, which ia more than three timea that between 30 and 40 S, it seams 
reaaonable to assume that the potential of theae two species together ia at leaat equal to that of 
MJL EflXit * nd Probably higher* A firat guess might be of the order of 200,000 tona. 
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5,3.5 Other species (pelagic) 

Clupeoidsnot discussed in the previous sections include UIft foeaenais. possibly pressnt 
in substantial quantities along the southernmost part of the Chilean ooaat, Sardinopa ift*aj& 9 off 
northern Chile and Peru, and machuelo and machete (Ethmidium spp..) aleo off northern Chile and 
Peru. Of these, fr fuengensis is hardly exploited, the oatchea of SLL JUU&12 amounted to about 
10,000 tone, mainly in Chile, and of the Bthmidium app. to about 20,000 tons in 1967, mainly 
in Peru* Hothing ia known about the magnitude of these resources* Investigations on fij. I&gjx. 
are in progreee. Whereaa it could be that the atocka of SLL ** nd of Ethmj.dium are not very 
large, those of SLL fuegeneis night well be extensive, taking into acount their distribution along 
the Chilean eoaat from about 45S southward, with its many bays and islands. In the absence of 
any further data a firat gueas of 200,000 tons potential yield for the three apeciea together might 
be acceptable (see for S. aaaax alao the aection on eggs and larvae)* 

Mackerel type fish, in particular aierra (Thyrsi tea and Thyrsi tops) in Chile and cabal la 
(Pneumstophorus peruanua) in Peru has been caught at a level of a total quantity of about 20,000 tons 
in the laat years, with increasing catches in Peru and decreasing ones in Chile. Jack mackerel, 
in particular jurel (Trachurus murphy i ) in Chile and jurel and cojinoba (Neptomenus orassus) in 
Peru, have been caught in increaeing quantities in recent yeara, with a total for both countries 
of about 26,000 tons in 196$ rising to 43,000 tons in 1966. Observations in other upwelling srsss 
(southwest Africa, California, aee the relevant area chapters) have indicated a potential yield for 
jack mackerels which ia several times that of mackerel-type fish. If the same would apply to the 
atocka off Chile and Peru, this would mean that at least the potential yield of jack mackerela ia 
considerably higher than the present catch. It is probable that also the yield for mackerel-type 
fish is higher then the present catch; but no data from catches or exploratory surveys are available 
on which to baae any estimate. The only indication that the stocks may not be extremely large 
might come from the fact that from the aoouatic and exploratory fishing surveys no substantial 
quantities of these species have been reported so far. The available data indicate that the 
potential catch of mackerel-type fish and jack mackerels together would be at least 100,000 tons, 
and oompariaon with other similar areas would suggest that it might be aeveral times that figure. 

5.3-6 Squid 

Squid has been landed in very email quantities, varying between leas than one thousand and a 
few thouaand tone, in the last ten yeara. The landinga include both jibia (Ommastrephes) and 
oalamar (Loligo app.). Acoustic and other observations, including exploratory fiahing, have shown, 
however, that the abundance, especially of Ommaatrephea. is considerable in the same area in which 
anchoveta is concentrated (Midttun 1969) although no quantitative data are aa yet available* 
Occasional observations of stomach contents showed a very high proportion of anehoveta in the food. 
Total natural, non-fishing, deaths of anchovy have been estimated aa 10-15 million tons* t)f this 
up to 2.5 million tons is eaten by birds, ao that other consumers eat rather over 10 million tons; 
if these have a 10Jt to 15$ converaion efficiency, then the annual production of these predators 
would be around 1 to 1*5 million tone, much of which might be expected to be squid. 

Another estimate can be obtained by a similar method, from the opposite direction* Squid 
(Ommastrephes) are the major food of the sperm whale* The average meal estimated by Peruvian 
aoientiata ia approximately 80 kg. If this ia the daily consumption, and there are some $0,000 
sperm whales (about 10 timee the annual catch around 1960) in the area, the total annual consump- 
tion ia 80 x 36$ x 30,000 kg - 1.46 million tons. Since not all aquid are eaten by whales, this 
figure is rather high compared with the estimate from predation on anchovies. However, in relation 
to their rough nature, the agreement between the figures ia quite reaaonable. They suggest an 
annual production of aquid of around 1 million tone, of which perhaps half could be harvested. 

5*4 Micronekton 

Blackburn (1968) summarised the data on the abundance of micronekton (animala between 1 and 
10 cm in greatest dimension) on the Pacific ooaat of America between about 35N and 25S, obtained 
from hauls with a specisl net from a depth of about 90 m to the surface. He mentions that the 
catches do not seem to be representative for the abundance of active epi-pelagic fish such aa 
scombri ds, carangida and others, but estimates that My c tophi dae, the largeat fish component in the 
oatchea in moat areaa, ia much better represented. My c tophi da are fairly evenly distributed 
in the area from north to south with some decline in the abundance from the coaatal area to farther 
offshore. Ko quantitative data are available for the area south of 25S, but Stream ejt al* (1966) 
and Villegaa , Trujillo, and Lb*hre (196?) mention the occurrence of eubstantial quantities of 
myctophids in the area off Chile, at about 42S. If it is assumed that the abundance along the 
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wholt eoaet of ths area under review ie eimilar to that in the sampled area, a rough eetimate of 
the standing orop of thie fieh can be made. The average catch of my c to phi da obtained by Blackburn 
within 300 mi from the coast wae 3*6 ml per 1,000 m3 eeawater. The area from 305 till Cape Horn 
it 3|000 x 300 mi or 3 x 10* km*, which to a depth of 90 m means 270 x 10 1 *m 3 . Tn0 volume of the 
standing crop of myctophids would thus be 3-6 x 270 x 10? ml, or roughly 1 x 10? 1, equal to sbout 
1 million tons. It should be noted that, apart from other uncertainties in this estimate, the pos- 
sibility of part of the fish escaping in front of the net would make this figure an wider-estimate. 
The natural mortality of these small fish is likely to be high. The potential yield might be of 
the order of a few hundreds of thousands of tons. 

5*5 flags and larvae 

Some larvae of saury (Scomberesox sp.) have been reported from the area (Rojas de Kendiola 
1969) Ahlstrom (in Sastropac Information Paper No. 10) suggests that Scombereaox must be one of 
the large potential fish resources off Chile. 

Series of egg and larvae cruises have been carried out in the areas along the Peruvian coast 
and off northern Chile. Xinarsson rt al, (1966) eummarieed the data collected between August 1961 
and May 1964 for the Peruvian area north of Callao (11S). They found that the number of eggs snd 
larvae of species other than anohoveta amounted to between 4 and 2$% (average roughly 15$) of the 
quantity of anchoveta eggs snd larvae, except in autumn when the numbers for all species were low. 
In order to be sble to use numbers of eggs ss a rough indicator of the relative abundance of various 
species, data must be known on the life-span of the eggs of those species, the egg production per 
unit stock weight, etc. Very little is known about these characteristics for most of the species 
in the region, but data from Minano (1968) and Fiacher (personal communication) suggest that the 
egg production per 1,000 gr .anchoveta of average sise is sbout double that of hake of average sise. 
Against this, the duration of the egg stage in anchoveta ie believed to be quite ehort, poesibly 
shortsr than for most other species. Thus one rough estimate of the total standing stock of other 
fish in the area is 15$b of that of the anchoveta. 

The potential yield of anohoveta in the Peruvian area was estimated at about 10 million tons, 
and of the other fish of roughly 300,000 tons, or 5$ of the anohoveta. Taking into account that 
many of the stocks other than anchoveta are lightly or not exploited and thus are relatively abundant 
as compsrsd with their numbers st optimum exploitation, that the egg catches may contain substantial 
numbers of small and at present unexploi table fish species, and that several other factors may 
distort the picture, the above considerations suggest that the estimstes obtained in thie document 
for the potential yield of the fish speoies other than anchoveta in the Peruvian area are reasonable, 
but might if anything be an under-eatimste. The latter would fit in with two observations. First, 
it is believed that the stooks of jack mackerel might well be quite substantial. Second, the 
potential catoh of demersal fish, other than hake in the Peruvian area, has been estimated at 
30,000 tons, snd the actual catch in 1967 amounted to about 45,000 tons. It is however, not 
likely that the present demersal fishery is already so close to the optimum, and thus the figure 
given for the potential is likely to be an under-eetimate, even though it is probably true that 
this fishery cannot be very greatly extended, apart from the hake fishery. 

Brandhorst ejb al, (1963) and Brandhorst and Rojas (1968) reported on soms egg and larvae 
cruises off northern Chile, between 18 and 23S. They found that the numbers of eggs and of 
larvae of Bardinops sagax. the Spanish sardine, were about 5% those of anchoveta. For all other 
fish species, numbers of eggs were about 20% those of anchoveta; numbers of larvae varied between 
somewhat more than half, and double those of anohoveta. Even though the number of cruises was 
small and the timing may have influenced the results, these data seem to confirm the suggestion 
made before that the stooks of Sardinops sagay are not very large, with a potential yield of 
perhaps a few tens of thousands of tons in this srea. For the other fish speoies, the data of 
eggs and larvae are not very consistent, but suggest, as in the oass of Peru, that the other 
fish spsoies in the area may have been under-estimated. Because the srea between 18 and 238 
has a very narrow shelf, the fish concerned are probably pelagic. This would fit in with the 
observation made before that the stocks of Jack mackerel might be substantial. 

6. DISCUSSION AND SUMMARY 

Table L2 summarises the estimates of potential yields arrived at in this review. It should 
be stated again that all estimstes except those for anohoveta have been based on very little infor- 
mation, and should be considered only as first attempts to obtain an idea of the order of magnitude 
of these yields. The national fiahsries institutes in Chile and Peru have collected a substantial 
amount of information on various fish spscies, and analyses of the data are in progress. It will, 
therefore, toon be possible to improve several of the present estimates. 
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Table L2 Batimatee of potential yield (in '000 ton*) in the Southeaat Pacific 



Speciee Peru Chi It 


TOTAL 


Pelagic 

Anchoveta 10,000 1,000 
Common aardina (C. bentincki ) - 160 
Other olupeoide 
Bonito 
Other pelagic (excluding 
Hyctophide, etc.) 


11,000 
160 
200 
>80 
? x 100 


TOTAL - 


>1 1,600 


Demeraa^ 


190 
200 
200 


Hake ( gayi) 60 130 
Other Oadoida - 200 
Other dame real > 50 150 


TOTAL 


590 


Sauid 

Hyc tophi da and other aimilar 
fiah 


500 
500 


GRAND TOTAL 



Jet* - - Information .ro 



+H ! !^ *i so ,f hoim tjla * *>* wt only ! th* pr*.nt major p.ci.. i tn oton., but tht 
to. potwtlal of all otn.r .p.ol.. totixr is M ti M td to b, far IMS than th anoaovtta potwtial 
flu potxtial of anohovt. mr b, compared with th. total primary produotion. A.^tionVwr!i 
to. ..tiaf of th. lattw will d.p.ad on th. MnM d tt ofth. .on. of hig^protootJon.^S"^ 
thi. i. arotwd 2,000 k. lon, and p.rhap. th. width of tb. aram r.lwnt to anehoV.ta produotio"i. 
100 km wid.. If th. production in thi. tend av.ra*M 200 C/*/y.ar (po..iblj higher inth. owtr.. 
to. annual oarbon fixation i. 40 million ton.. Tb. w.t w.ight produotion of n.rbfvor.. will b. about 
th. .an., if .fficiwioy i. around 10-15*, and, at th. MUM .ffioiwioy, th. annual produotion of 



5 
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Th. total potwti.1 of 13 million ton. m.k.. th. ar.. on. of th. major ar... in th. world. 
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7. RBQUIREHiarTS FOR FURTHER RESEARCH 

It has baan made clear in tha previoua aeotiona that the available data ware in naarly all 
oaaaa inadequate, and that tha astimataa given, except for anchovata, ara at beat rather rough and 
of tan only reaaoned guesses. 

Invaatigationa ara in progreaa, and more reliible data will be forthcoming but it may be 
useful to point out aoma apacifie aubjacta on which more detailed information would ba especially 
helpful to improve tha aatimataa of all apaciaa othar than anchovett, 

Tha atatiatioa of tha landinga could in many caaaa ba improved, and there ia particular naad 
for information on affort and/or catch par unit of effort* 

Fubliahad data on exploratory aurvaya hava not alwaya included full quantitativa dataila. 
Further cruieea, uaing aoouatic methods, and standardised fiahing gaar of varioua kinds, would ba 
useful for naarly all areas to obtain estimates of relative abundance of tha apecies, and tha 
quantitativa data ahould ba summarised. For aome of tha least-known areas, such aa off southern 
Chile, any information from exploratory cruises would ba of value. 

A aubatantial amount of agg and larvae cruises hava baan carried out, usually in the contaxt 
of tha anchovata invaatigationa. Identification of tha agga and larvae of othar apaciaa or apaoiaa 
groups in tha ex i a ting plankton collection, and summarising all tha aziating data, would ba valuable 
to obtain battar eatimatee of tha ralativa abundance and parhapa firat aatimataa of tha abaoluta 
abundance of thaaa apaciaa and groups. 

Stock assessments by tha established methods - should atart for tha major exploited apaciaa 
as aoon aa auffioiant data on catch and effort, on length and aga compoaition in tha landinga, etc., 
hava baan obtained. 



M - SOUTHWEST ATLANTIC 



176 



FIR8/T97 



ATLANTIC 
OCEAN 




60 



40 



30 



10 



X - SOUTHWEST ATLAMTIC 



ooniouri *i 200 and 2,000 



M - SOUTHWEST ATLANTIC 



MR8/T97 



177 



1. TOPOORAPHY 

The western limits of the Southwest Atlantic area art the coasts of Brasil, Uruguay and Argentina, 
to 70W at the southern extremity; the eastern boundary (20W) it close to the western elope of the aid- 
Atlantic Ridge. The northern delineation (at 5N) follows the Equatorial Counter Current! the southern 
boundary (60S) it the Antarotio Convergence, 

The shelf along the South American ooast measures 2.1 x 10 6 km 2 (see Table M1). 
Table N1 - Areas of shelf and slope in the Southwest Atlantic ('000 km 2 ) (from Noiseev 1969, Table 16) 







Slope 


Area 


Shelf (0-200 m) 


200-1,000 m 


1,000-2,000 m 


Quyanan 


160 


30 


50 


Brasilian 


610 


200 


180 


Uruguayan 


150 


20 


20 


Argentinean-Falkland 


1,030 


200 


240 


TOTAL 


1,940 


450 


490 



Hie shelf on the north ooast of Brasil is rooky and coralline except in the area of the Amason where 
river deposits with much trash prevail. In most of the northern area trawling seems very difficult. 
The central and south Brasilian ooast is rooky and coralline in the northern part; along the southern- 
most ooast of Brasil, the ground is more easily trawlable - there are, however , offshore bars* On the 
Patagonian Shelf, which is the largest shelf area of the southern hemisphere, there are good trawling 
grounds in the bays of La Plata estuary and Bahia Blanca, San Natias and San Jorge. South of 42K the 
bottom becomes increasingly rough but is still trawlable. Burdwood Bank again has some good ground for 
trawling, but large stones are frequent (Matthews 1934)* The depth of the shelf is less than JO m in 
most areas exoept in the offshore parts of northern Brazil and on the Falkland Shelf. It is very shal- 
low in the La Plata Bay. The slope is steep in the northern part of the Patagonian Shelf, but more 
gentle in the south. It is trawlable in most parts of the area. 

Two oceanic basins of almost 6,000 m depth (Brazil Basin and Argentina Basin) are separated by the 
Rio Orande Ridge (minimum depth 600 m). 

2. HTDROORAPHT 

The shelf areas are influenced by the warm Brasil Current, an off-shoot of the South Equatorial 
Current turning to the south and by the cold Falkland Current which carries Antarctic water to the 
Patagonian-Argentinian Shelf. The latter can be traced along the ooast up to Rio de Janeiro where it 
meets the Brasil Current which leaves the ooast and moves southward some distance from the coast. In 
this area, a water mass of mixed origin and high fertility covers the shelf. At the boundary of the two 
currents, eddies and vertical transport of water masses have been observed. In the open ocean, the northern 
part is occupied by the westward South Equatorial Current and South Subtropical Current} the southern 
part is characterized by the Westwind Drift | the central part of the South Atlantic is an area of little 
water movement, the South Atlantic Eddy. At the Subtropical Convergence, which lies in the open ocean 
at about 40S but bends northward off the Patagonian Shelf, surface temperature tends to fall rather 
sharply lay about 4C. The convergence is not stationary but shows considerable movements. The highest 
monthly mean surface temperature on the Patagonian Shelf in summer ranges from oa 6C off Tierra del 
Fuego and Falkland Island to oa 220C off Rio de la Plata. The lowest monthly means in winter range 
from oa 3C to oa 15C. The shelf area proper is slitfitly warmer than the surface water in the area of 
the slope as there is a tongue of oold water extending northward some distance from the ooast. In the 
open ocean again water temperatures tend to be higher (Neumann 19 65, Emilsson 1961, Deacon 1965). 

Along most parts of the Brasilian ooast, water temperatures are high all the year round, with maxi- 
mum temperatures off the Amason mouth, where even the lowest monthly mean is above 2?C. Off Rio de 
Janeiro, monthly means reach 26C in summer and 21C in winter. 
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3. PRIMARY PRODUCTION 

There are no summary reviews on primary production of the area* Teixeira and Tundisi (1967) worked 
a Motion from the mouth of the Amasfn to the equatorial Atlantic. In March, they found very high 
values of carbon fixation (0.86 gC/m /day) on an inshore tat ion, but only 0.043 gC/m /day 240 mi off 
the ooaet and 0.014 C/ra 2 /day 480 mi off the ooaet. In the open ocean, much higier figures might be 
found in July/August. Volkovinsky (1966) found high primary production in the Falkland area (oa 30 agC/or/day) 
- similar to those in the South Georgia region. Primary production decreases if one moves north but 
increases again in the estuary of Rio de la Plata (oa 130 mgC/m3/day v but presumably in a very shallow 
euphotio sone). 

SI Sayed (1966) (and also El Sayed et al. 1964, El Sayed and Mandelli 1965) reported higher primary 
production off the Argentinean coast than in the Drake Passage and Weddell Sea. According to Mandelli 
and Orlando (1966), the Falkland Current is amongst the most productive area of the world oceans and also 
carries a permanent high phytoplankton biomass. At the slope from 37 to 52S, measurements were taken 
on phytoplankton biomass (chlorophyll and primary production (C^4 method)). 

p 

In the central area off Oolfo San Matias total abundance of phytoplankton biomass was 110-120 mg/m 
in September Y the euphotio sone being 15-25 m. Further to the south values were less uniform and much 
lower; they were from 18-29 mg/ 2 in September and 32-40 mg/m 2 in November (Mandelli and Orlando 1966). 

Primary production was 0. 75-1*00 gC/m^/day in the central area but 0.05-0*55 &/* /day^in the rest 
of the area. In November the corresponding values were 1.5-1.7 gC/m 2 /day and 0.14~1*3 gC/n /day. 

From those f inures , one might estimate that annual primary production in the Falkland Current is 
more than 200 gC/m? in the central part (about 40-44S) and less than half as much in the southern parts. 

4* ZOOPLANKTON AND INVERTEBRATE BENTHOS 

There are no detailed reviews at hand on distribution and abundance of looplankton and benthos in 
the area* Relevant data t particularly on plankton abundance are, however 9 contained in various publi- 
cations, e.g. of the Institute de Biologia Marina* Mar del Plata, and from Brasil (Vannuooi and Queiroe 
1963)1 and also in expedition reports, such as METEOR South Atlantic Expeditions. Over the Patagonian 
Shelf the standing crop of sooplankton is moderately high (>100 mg/m 3 ), but decreases northwards to a 
level of 25-50 mg/m 3 off central Brasil - low for a shelf area. The benthos off Brasil has been dis- 
cussed by Rowe (1969), who showed that it was scarce, though the abundance decreased less slowly in an 
offshore direction than in areas of higher productivity. 

5* FISH STOCKS AND FISHERIES 
5,1 Pie fisheries 

(a) Brasil 

Fishing along the northern and central ooast is mainly pursued by small craft and sailing rafts 
using various types of seine nets, long-lines and traps. Along the southern ooast and extending well 
onto the Patagonian Shelf considerable bottom trawling is done by larger vessels (Vassoler and Vassoler 
1969)* Sardine (sardinha), whose oatohes fluctuate markedly, croaker (particularly oorvina) and hake 
(merlusa) are the most important species. Total marine catch in 1968 was reported as 340,000 tons - 
nearly three times the reported quantity in 1956. There is a growing fishery for shrimp in the Amason 
region, though the shrimp fisheries off central and southern Brasil are no longer expanding* 

(b) Uruguay 

Tlhe fishery is carried out by bottom trawl on a rather small, but increasing soale. Reported lan- 
ding* in 1967 were some 10,000 tons, mainly various bottom fish - hakes (merluca), croaker (eorvina 
blanoa) and seiaenidae (pesoadilla). 

(o) Argentina 

Total marine catch in 1968, 210,000 tons, has doubled since 1962. Tbe main part of the oaten is 
taken by trawlers of various sises, though there is some lining and pair fishing. Off Argentina, the 
major winter fishing is for hake (merlusa) in the area 35-38S. In summer, the centre of the fishery 
moves southward to 3&-4? S. The exploitation of anchovy (anohoita) is concentrated in late winter and 
spring in the Mar del Plata area. As soon as mackerel invades the ooast waters, the fishery is directed 
to the latter only (during summer, until end-March). 



M - SOUTHWEST ATUHTXC 
FIRS/T97 179 

fha utiliaation in Argentina of the hawkfish (oaatafteta) (Chailodaotylua bergii) for fiah meal 
increased graatly up to 1966 (68,000 tons) but fall to only 4,000 tone in 1968, possibly due to too 
heavy fiehing. Vary good oatohaa of aalmon da mar (Pinguipes app.) are being obtainad naar Rawaon 
(Patagonia) 9 and poaaibilitiaa of further expansion exist (Boaohi and Niatakidia 1966). Shrimp catches, 
particularly of tha langoatino (Hyreanopanalua mullari), have bean declining ataadily in Argentina 
(Boachi and Niatakidia 1966). There are important fisheries for molluaoa, aapaoially muaaala (Hytilua 
app.) and aaaweeda are alao harveated. 

(d) Long-range vaaaala 

Piahing in tha area had been almost antiraly raatrietad until vary raoantly to locally baaed vaa- 
aala. Sinoa about 1966, a number of European countries have become intaraatad in trawling in tha area, 
especially for hake. Oba biggaat oatehaa have bean taken by USSR, which took over half a million tone 
of hake in 1967. 

5.2 Statistics 

The atatiatioal information available ia not antiraly satisfactory. Spaoiaa breakdown ia given, 
bat eorne times there are obvioua inconsistencies from year to year. Nora detailed information on tha 
area of capture, aapaoially by tha long-range vaaaala, and on fishing affort ia required. These prob- 
lems are being studied by a working party of CARP AS. 

5.3 Stook assessments for exploited stocks 

Paw datailad assessments of any of tha important palagio or demersal atooka are available. Eeti- 
raates of tha stock of anchovy, based on agg data and echo surveys, are discussed below. 

5.4 Indioationa for aiga of atocka 
5.4.1 Spaoiaa raviaw 

Ifce moat important species in terms of abundance are: 

Engraulia anohoita anchovy, anchoita 
Clupaa fuegenaia - Falkland barring 



Scomber japonioua marplatanaia - mackerel 

Sardinalla aurita - sardine 

Mioropagon app. - oroakar (oorvina) 

Marluociua marluooiua hubbai - hake, merluca 

Mioromesistius austral is - poutassou, polaca 

Illax ap. - aquid 

Maoruronua magallanioua - long tailad hake, merluza da oola 



Sardines ( Sardine 1 la aurita) 

Hxa largaat oonoantrationa ara off tha central and aoutham ooaata of Brail ( 22-29S) (Moraes 
1963). QM major port of landing ia Santoa. Abundanoa variaa both seasonally and annually. Prom tha 
inoraaaa of oatoh with inoraaaing affort (aooording to Koraaa(l966) f , catch par unit affort has not 
daoraaaad following tha raoant inoraaaa of affort) ona might doubt aarliar atatamanta that tha sardine 
oatoh had alraady reached its maximum. Tha aoutham population " ttorianopolia JL?** !*? *!TSI* 
not to ba fully axploitad. fcia greatest catch in raoant yeare waa 88,000 tona in 1967, and this Might 
be aomewhat exceeded by improvad searching. As, howevar, in some yeara, tha numbar of dense schools 
ar ^SS? it l?K adviaabla S hava a larga filing induatry dapanding on .ardina. only. 
Oha average annual yiald might, tharafora, not much exceed tha praaant laval, say 100,000 ton*. 

Anohovy (Sngraulia anohoita) 

Aia apaoiaa ia diatributad from north of Rio da la Plata to Oolfo San Jorga. In ^ t ^^*_ 1 
oonoentrationa have been found in tha Oolfo San Matiae. Hia only axploitation ia at praaant by Mll 
boat, in the Mar del Plata ragion. Soma axploratory fiahing >y palagio trawl and aoho rvay. indi- 
catad vary hi* abundance all ovar tha dhalf of northam and oantral Argantina. It ia regarded as tha 
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biggest resource of the region. Estimate* of standing stock havs been made from echo surveys ty Aasen 
(1968)4 as 2.1 million tons in June 196? in the area between the Rio de la Plat* and Bahia Blanca, and 
by Aasen and Caetello J[1968) as 1.2 million and 0.5 million tons in two spawning groups in November 1967* 
in much the same area* 

Prom egg surveys, de Cieohomski and Bosohi ( 1968) estimated the average density of spawning fish 
in 1966 as 50 tons/km*. The total spawning area oan be roughly estimated from the figures of de Cieohomski 
(1968) as 10,000 tan 2 , giving a total spawning biomass of 0.5 million tons. 

Given the nature of the estimates, the agreement is reasonable, and suggests a biomass of the 
order of 1-2 million tons. Th* natural mortality of anohovy is hi^b, say 1.0, which using the methods 
developed in the preface gives an estimate of potential of 0.5 z 1 z 1-2 0.5-1.0 million tons* 
Anohovy spends the first year of life in coastal waters, then lives for about half a year in the open 
sea until it returne to the ooast in its second winter. The fishery oould, therefore, be expanded both 
in area and in season. 

Mackerel (Scomber japonious marplateneis) 

This speoies is taken by the same fishery as anohovy. As the fishing industry prefers mackerel, 
the ships oonoentrate on them as soon as they approach the ooast. In summer mackerel moves from the 
open sea into Rio de la Plata, from there along the ooast to Mar del Plata and Bahia Blanoa, and then 
out again into open waters. The resource is probably much smaller than that of anohovy. 

Falkland herring (Clupea fuegensie) 



Axis is considered to be very abundant in the area between Tierra del Puego and the Falkland 
Islands. Its distribution eztends northward up to Oolfo San Jorge. Ho detailed information on abun- 
dance and life history of the fish is available. The potential yield might be comparable to that of 
herring in the North Sea which has an area of distribution about the same extent as that of Clupea 
fuegensis. One migit then ezpeot an annual yield of 1-1.5 million tons. A comparative study of popu- 
lation dynamics of Falkland herring would be particularly interesting. 

Hake (Merluccius merluocius hubbsi) and Poutassou (Miororaesistius austral is) 

Due area of distribution of Merluooius merluooius hubbsi is between Rio de la Plata and about 45S 
lat. The highest oonoentratione are found on the slope in 400-500 m depth; in deeper water catches of 
hake were very poor. On the shelf exploratory fishing showed recently that hake is most abundant in 
the Golfo San Jorge. In the area between the Argentine ooast and the Falkland Islands there are few 
but very big hake. 

South of 45N 9 hake is gradually replaced by Micromesistius austral ii which becomes the most impor- 
tant species on the slope. This speoies does normally not ezoeed oa 45 cm in total length* 

Long tailed hake (Maoruronus magellanious) 

Ibis is the most important demersal speoies on the Falkland and Tierra del Puego Shelf. 

Croaker (Mioropagon operoularis) 

This speoies is most intensively exploited on the shallow parts of the Southern Patagonian Shelf. 

5*4*2 Area review 

Brasil 

- 5N to 2S 

The area off the mouth of the Amazon River deserves further ezplorations. Off northern Brasil the 
fishery ie little developed except for crustaceans and not muoh is known about the potentials of the 
lightly exploited etooks. According to Beatty (Borgstrom and Heighway 1961 ) major resources ssem to 
be flying fish (Cephaoanthus yolitans), tunas (Parathunnus obesus and Neothunnus albacora) and sharks* 
We should also ezpeot smaller pelagio fish in the fertile region of the mouth of the Amason* Bottom 
fish should be abundant in those areas where sedimentation of silt is not too heavy but organic detritus 
is still abundant* The shrimp potentials are discussed in the relevant chapter. No figures for fish 
potentials have been published* A total sustainable yield of 500,000 tons, perhaps split equally bet- 
ween demersal and pelagio speoies, mi&fct be expected if we assume 1.5 tone/km 2 , in the fertile area off 
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the Amaton (250,000 km 2 ) and much lett, .ay 0.6 tont/km 2 in the remaining area off the northern 
Brazilian ooatt (200,000 km*). Thete figure, might be under-ettimatet. A ttudy of the food trantfer 
in a tropical ahelf area with high primary production it badly needed. 

- 2S to 13S 

Off San Luit to Bahia, the ahelf gett narrower and the productivity it low. 1fct inthore bank, are 
oontidered at being heavily ovor-fithed and the offahore bank, are inoreatingly exploited. Tuna off 
Recife are taken both ty Brazilian and foreign (mainly Japanete) vettelt. Ifcoro may be tome more poten- 
tial in tome offahore pelagic ttookt, but no large tcale expantion it expected. Excluding oceanic tuna 
fithing the potential of the ttookt along the ahelf will presumably be not more than 100,000 tont. 
Again, lacking better information, it will be assumed that half it pelagic and half demertal. 

- 13S to 23S 

Between Bahia and Rio de Janeiro, a large bank (Mar NOvo) of about 70,000 km 2 teemt very fertile 
(mixing at the Bra.il Current with coastal water.) and hat a good ttcok of demertal and pelagic fith. 
The ttookt are inoreatingly exploited. A total potential of 200,000 tont - around 3 tont/km* - might 
be expected. Ae thit it only a very vague guett, further exploration teemt worthwhile. 

- 23S to 29S 

The fiahery off Santo, and Florianopolit it mainly on tardinet (tee above). The potentialt of 
other pelagic tpeciet and of demertal fith are unknown. It appear, that there are unexploited ttookt of 
Anchoa (Pomotomut taltatrix) off Florianopolit. In tpite of the exittenoe of good thore facilities and 
marketing condition., no large toalt fiahery developed except the fithing for tardinet and thrimp. 

There are tome data on trawling by pair-trawlert (pareja) which gave average abundance ettimatet 
for demertal fith of 0.6 ton./knr while ordinary bottom trawlert got only 0.07-0.18 ton./^un2. if one 
take, the figure, of pareja and allow, arbitrarily for 33J& etcapement, then we arrive at figure, of 
0.8 tent/km 2 for the dentity of the pretent ttanding ttock and a total biomatt of 240,000 tont of bottom 
fith for the area between 23? and 29S. Presumably in thete warm watert, the rate of turn-over of stan- 
ding ttook and the natural mortality are high, perhapt at high at 0.8; thit give, an ettimate of demertal 
potential of 0.5 x 0.8 x biomatt, or 96,000 tont, or 100,000 tont in round figure.. 

The main pelagic fiahery it for tardinet for which a rough ettimate of potential of 100,000 tont 
hat been obtained above. Probably, other pelagic fith could tupply half at much again, giving a total 
pelagic potential of 150,000 tont. 

- 308 to 335 

Brasilian trawlert prefer to move further touth into the area of Rio Grande. For the area 29-33S, 
Riohardton (1963) ettimated oatohet of 3.4 tons/km 2 , which should be corrected for escapement (33$) at 
5.1 tons/km 2 . Obit give, a total biomatt of demertal fith in the region of a little under 400,000 tont. 
Hie area it rather heavily fished and the oatohet - recently around 75tOOO tont - might be approaching 
the level of the potential yield. The apparent level of F implied by thete figure., 0.2, it .till, 
however, moderately low and tome inoreate in demertal catch should almost certainly be pottible, i.e. 
say to 100-150,000 tont. 

- 338 to 34S 

For the area from Rio Grande to 34 (about 50*000 km 2 of ahelf). we have two figuret of abundance; 
U. Schmidt (pertonal communication) found 10.3 tont/km z j while Riohardton' t figure ( corrected for 
etoapement which teemt to be much higher for ordinary trawlert than for parejat - po.tibly ~50jb) it 
about 7 tont/km. The ttanding ttook might, therefore, be about 300*500,000 tont, the maximum sustai- 
nable yield of the already exploited ttockt would then be again of the order of 150-250,000 tont of 
demertal fith. 

In tbete two areat (touth of 298), pelagic fith - anchovy, mackerel, etc. - are common, but no 
ettimate of either potential or biomatt it available. The potential may not be very different from the 
demertal potential, i.e. 300,000 tont. 

Hie above ettimatet and guettet for the potential off Brasil have been turamarieed in Table N2 below. 
At in all thete ttudiet not too much attention should be given to the precise figures; for convenience 
of tabulation, comparison, and tummaritation, a tingle figure it given for each resource, but the true 
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value may lie within quite a wide range on either side - differing by perhaps a factor of two for acme 
of the reaouroea given here* 

Table M2 - Summary of estimated annual potential catches off Bracil ('000 tone) 



Area 


Deneraal 


Pelagio 


5N- 


2S 


250 


250 


2S- 


13S 


50 


50 


13S- 


23S 


100 


100 


23S- 


29S 


100 


200 


29S- 


33S 


125) 




33S- 


34S 


200) 


300 


TOTAL 




825 


1,000 



Uruguay-Argent ina 

Hie biomaas of demeraal fiah in this area can be estimated from the data of the trawl surveys made 
by R.V. WALTHER HERWIO in May-August 1966 (Schmidt, personal communication)* These summary data are 
set out in Table N3 (including data from north of 35N). In this, the biomass has been eatimated on 
the basil that in one hour trawling the net covered an area of 155,000 km 2 and caught 75# of the demersal 
fish in that area. 

Obe ahelf area of the open sea from 35S (Rooha) to 40S includes the rich fishing grounds of Mar 
del Plata and Bahia Blanoa. Richardson's figures for Gabo San Antonio area show an abundance of 
14 tons/km (corrected for 50jt escapement)* He points to stretches with very high abundance of merluea 
where corrected figures up to 60 tons/km 2 might be obtained* Schmidt's average (Table M3) for the total 
shelf to 35-41S is 20 tons /km 2 (corrected for 2% escapement from the large trawl) in winter. 

The main species is hake, of which Russian exploratory fishing caught up to 20 tons/hour (Zakharov 
1968). The distribution of hake is also given by Biester (1967); the catches in the main area - 35-403 
- are very similar to those of Schmidt* Ths area has been exploited ty local vessels for a long time. 
Catches have steadily increased, up to 100-130,000 tons in the early 1960s, with a jump to 650,000 tons 
in 1967 1 when there was intense fishing ty USSR. In comparison with this recent catch, and with the 
eatimated biomass, the catches at the time of the WALTHBR HEHrflQ survey were small; the potential 
yield may, therefore, be estimated on the basis of the 1966 stock being unexploited, i.e. as 0.5 x 
bioaass x natural mortality* 

The natural mortality of Patagonian hake ia not known* The observations of Angelesou et al. (1958), 
and also Nikheyev (1967), suggest that it ia high. Assuming a value of 0*6 and that the^eame value can 
be used for all demersal fish, the corresponding estimate of potential between 35and 41 S ist 

0*5 x 3*96 x 0.6 -1.2 million tons, approximately. 

This would tend to be an under-estimate to the extent that the stocks are already being exploited; 
on the other hand, Richardson* s figures of density are rather low* Therefore, 1*2 million tons is 
probably not an unreasonable estimate, though the true value may differ quite largely to one aide or 
the other* 

further aouth, the stocks are virtually unexploited* The major specie* ia poutassou rather than 
hake. For it also, the natural mortality is unknown though the age composition data of Shubnikov et al* 
( 1969) suggest an annual survival between 5 and 8 years old of oa 70)1, or a natural mortality coefficient 
of 0*4 If this value can be applied to all the demersal stocks south of 41S, which were at the time 
of the surveys unexploited, then the potential may be estimated as 0*4 at 0.5 x biomaas* These estimates 
are given in Table N3. It ia also assumed that the same factor can be applied to the demersal fiah on 
the slope. 

fable N3 gives an estimated total potential of nearly 3 million tons of demersal fish on the ahelf 
south of 35S. Possibly about half of this would be hake, which is the dominant species in the north, 
and the rest a mixture, with poutassou being probably the most important. 
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Table N3 - Biomass and estimated potential annual yields of demereal fish on Argentinean Shelf, from 
data of R.V. WALTER HERWIO 

(a) On the shelf, 25-200 m 



Lat. 
S or * 


Width of 
ahelf (km) 


Shelf area 
('000 km?) 


Average 
catch/hour 
(tons)* 


Biomaas 
('000 tone) 


Potential 
(000 tone) 


35- 


41 


300 


200 


2.3 


3,960 


1,200 


41 - 


45 


400 


175 


0.5 


750 


150 


45 - 


51 


500 


330 


0.8 


2,270 


450 


51 


54 


700 


230 


1.6 


3,170 


650 


54 - 


55 


300 


35 


0.2 


60 


10 


TOTAL 






970 




10,130 


2,460 



(b) On the elope, 200-1,000 m 



Lat. 


Width of 
ehelf (km) 


Shelf area 
('000 km 2 ) 


Average 
catch/hour 
(tone) 


Biomaee 
('000 tone) 


Potential 
('000 tons) 


35 - 41 


20 


13 


4.7 


525 


100 


41 -45 


50 


20 


0.6 


100 


20 


45-50 


100 


55 


1.0 


475 


100 


50-54 


100 


35 


1.1 


330 


60 


54-56 


30 


7 


0.4 


25 


5 


TOTAL 




130 




1,455 


285 



Mote - Catch in one hour assumed equal to 7$ of biomaee in an area of 155,000 m 

The pelagic resources can be estimated even leee precisely with the exception of the anchovy 
etooks, for which an estimate of 0.5-1.0 million tons has been obtained. 

Anchovy ie the main food of the email hake (Zakharov 1968), the other major item being sooplankton 
(euphausids, etc.) I larger hake feed to an increasing amount on small hake (over 50 for hake over 
60 cm and also on squid). Ho other pelagic fish occurred in Zakharov 1 s samples in substantial quantities. 
The egg surveys of de Chieohomski and Bosohi (1968), directed at anchovy spawnin* areas, found egyte of 
other pelagic species (Brevoortia sp., Scomber japonious, etc.) though not in great quantity. Obis 
information suggeets that anchovy is the major pelagic reeouroe, particularly in the northern part of 
the area. A rough guess of the potential of herring has been obtained above ae 1-1.5 million tons. 
Allowing for other species, a very rougjb estimate for the potential of pelagic fish south of 32S is 
2.5 million tons. 

5.5 Indications for unexploited stocks 

Myotophids were found in large abundance over the slope in the area 32*-36S. A eingle haul of 
a pelagic trawl of WALTHER HERWIO yielded 12 tons. 

Squid (lUex sp.) has a similar distribution to hake, which feeds intensively on squid. The major 
concentrations of squid do not seem to reach as far to the south as hake does. Higheet echo abundance 
and catches of squid (7.2 tons in one haul of pelagic trawl) were found off Rio de la Plata and Mar del 
Plata both on the shelf and the slope. 
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Too little is known about myotpphids and squid to put any figures down about their potential 
yields, but thty likely reach at least some hundreds of thousands of tons* 

5.6 Summary of estimates for potential annual catches 

The above estimates oan be summarised as follow* ('000 tons)t 

(a) Demersal 

Bratil varioua 825 



Argent iiia-Uruguay hake 1 1 500 
poutassou 1 f 000 
various 500 



3,000 
various 500 ) 

(b) Pelagic 




Brae 11 various 

Argentina-Uruguay anchovy 

herring 1,250 ) 2,500 
various 

(o) Crustaceans (see separate chapter) 111 

(d) Squid (500)+ 

(d) Nyotophids (500)+ 

6. COMPARISON OP ESTIMATES OF TBS NAXXXUN SUSTAINABLE YIELD WITH ECOLOGICAL POTENTIAL AND PRESENT 



The region oan be divided into three areas s 

6.1 Equatorial Regional (Mouth of Amason) 

Rich in nutrients, high primary production, virtually unfished, except for shrimp and sons tuna* 
Ecosystem presumably very complex and relatively inefficient in terms of production of fish on high 
trophic level. Potentials of pelagio fish might be considerable^ much exploratory work is required. 

6.2 Coast of central Braiil 

Productivity relatively low except for the southern area where Braiil Current and Falkland Current 
meet at the edge of the shelf. Demersal stocks seem rather limited, although offshore banks carry some 
little exploited population. Larger expansion might be possible in fishing sardines, tuna, myotophids 
at the edge of the shelf. Further echo surveys are needed. 

6.3 Shelf area of the Falkland Current - RioQrande to Tierra del Fueao and Falkland Islands 

Primary production in this area is high, decreasing from south to north. Abundance of sooplankton 
and benthos is high and varied stock of food organisms is regarded as of the same order as in the North 
Sea f but the stock of plankton does not decrease in winter to the same extent as in the North Sea and 
water temperature remains higher in most of the region. Estimates of maximum sustainable yield of 
demersal fish are based on a rather limited fishing confined to some coastal areas only and for the 
southern part on the exploratory cruise of WALTHER HBRWIO in winter 1966. 

The estimated potential yields of demersal fish (2.6 tons/km ) are higher than present demersal 
catches in the North Sea (1.6 tons/km 2 ) and this might be related to the longer season of high produc- 
tion on the Patagonian Shelf. 

There is surprisingly low abundance of demersal fish of commercial sise on Burdwood Bank in spite 
of high abundance of benthos. 

Estimates of pelagio resources are extremely uncertain compared to other more fully exploited 
fishing areas of the world. 
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7t FUTOHE STUDIES 

All tht tttimattt of potential prtttnttd hart art trtrtmtly rough, and tubjtot to a widt rangt of 
pottiblt trror. A oorrttpondingly widt rangt of rtttaroh ia rtquirtd to improvt thta. Lintt of ttudy, 
whioh art liktly to bt particularly uttful, inoludtt an atttttmtnt of tht hakt ttookt on tht Argtn* 
tin tan Shtlf f ttptoially taking into account tht ' htavy f iahing )y long-rangt vttttls afttr 1966; 
furthtr urvtyt of dtmtraal fiah, by trawl or othtrwiat; and turvty f t.g. \y acouatic mtthoda of tht 
ptlafio ttookt, ttptoially in tht touth. Ctrtain atptott of tht rtatittiot, ttptoially data on fitting 
effort, and on location of oatohtt of longrangt vttitl% thould bt improvtd. 
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1. TOPOGRAPHY 

As defined her*, the area extends from 6S (the mouth of the Congo River) round the Cape of Good 
Hope to 3CTI (a little south-vest of Durban) excluding the Antarctic water* eouth of 50 S. The latter 
boundary la rather to the eaat of the line usually taken aa the division between the Indian Ocean and 
the Atlantic (20T8 long*, through Cape Agulhaa), but haa been chosen to avoid dividing the important 
f iahin* grounds of the Agulhas Bank. The fiah fauna between 20 and 30K are mainly oold-wator species 
and more like that of the South Atlantic than that of the Indian Ocean. 

In the north of Angola, the continental ahelf ie moderately wide (oa 50 km), but become* very 
narrow in eouthern Angola (oa 20 km). Off South-Weet Africa, and the northern part of South Africa, it 
widen again and unlike many, other areae there are particularly wide etretohee of moderately deep water 
(200-1,000 a). Qma, at 30 S, the 200 a contour ia about 70 km from the ooaat, but the 700 m contour 
ie ever 200 km offehore. South-east of Cape Town, the ahelf widens to form the only important off- 
shore bank in the area - the Agulhas Bank* Further east, the shelf narrow again to around 40 km. 

There are few islands in the area; the small oceanic islands of Ascension, St. Helena and Tristan 
de Cunha lie in the area* The Vema seamount, north-west of Cape Town does not reach the surface, but 
is sufficiently shallow to have supported an important rook lobster fishery* 

2* HYDROGRAPHY 

The major current in the area is the Benguela Current flowing northwards off the west coast of 
Africa between 35 and 15 3 (Hart and Currie 1960, Stander 1964). Towards the north of the area, the 
Benguela Current swinge westward to form the South Equatorial Current* The other current near the 
coast is the warm Agulhas Current flowing south and westward along the south-east coast of Africa 
(Derbyshire 1964). To the south, the main current is the West Wind Drift. 

The Benguela Current causes upwelling along the west coast of southern Africa, the extent of which 
varies seasonally* Between Cape Point and the Kunene River, a certain amount of upwelling occurs 
throutfiout the year* North of the Orange River a peak in upwelling occurs in September and the corres- 
ponding minimum is usually in March* South of the Orange River, peak upwelling is found in February 
while a minimum occurs in August. This brings cold water (12 - 16C) close inshore, extending as far 
north aa southern Angola ia the winter* In contrast, the warm Agulhas current causes the coastal 
waters east of Cape Town to rise to 20 in the summer and 14 - 18 ia the winter* 

3* PRIMARY PRODUCTION 

The most important feature in the area is the high primary production in the upwelling areas of 
the Benguela Current. The Oalathea Expedition (Nielsen and Jensen 1957) found some of the highest rates 
of carbon fixation in the area (1*5 gC/a2/day, equal to an annual rate, if maintained for the whole 
year, of over 500 gC/m 2 /yar). Gushing (l969)t ia a general review, has estimated the total carbon 
fixation in the upwelling areas of the world, taking into account the rate of production, the duration 
of the upwelling season, and the area of upwelling. He estimated the fixation in the Benguela upwel- 
ling (taking into account the 45J& correction to the original estimates (Nielsen 1964, Goldman 1968)), 
as around 375 * 10 6 tons C/year* Obis is a very high figure compared with those for other upwelling 
areas, bigger than his estimate for the Peru/Chile upwelling, and an order of magnitude greater than 
that for California* 

Outside the upwelling areas estimates of primary production are scarce but appear to be at the 
moderate to low levels typical of sub-tropical waters (around 50 gC/s^/year). 

4 ZOOPLANKTON 

Most observations have been concentrated in the main areas of interest to the coastal pelagic 
fisheries, off St. Helena Bay (de Jager 1954) and off Walvis Bay (Unteruberbaoher 1964). Some other 
observations have come from the Meteor Bxpedition (Hentschel 1933). The former were mainly taken with 
tow-nets, and are, therefore, not immediately suitable for quantitative estimates of production* Off 
Walvis Bay, they show a clear bank of high standing crop (30 - 50 oc per haul, excluding fiah larvae, 
salps and big Nedusea and Ctenophores) about 50 km off shore ,preeunably corresponding to the centre of 
the upwelling. The main constituents were oopepcds. High values of average annual standing crop were 
also found in St. Helena Bay, but the abundance decreased rapidly away from the coast* 

Using the Meteor data and comparisons with other areas, Gushing (1969) sstismted the density of 2 
standing stock and total production in the upwelling areas, in terms of carbon content, as 4 - 8 gC/m , 
and 10 - 15 x 10 6 tons C per year respectively* 
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5 THE FX88 AND fl 
$1 Statistics 

Good statistics are available of the leadings by the coastal countries (Angola, South-Watt Africa 
and South Africa), but affart data are scarce* for tha fisheries on politic fieh availabla or resdily 
obtained statistics, e.g. on number of vessels, oto., ara in any oaaa probably rathar poor Msasures of 
tha trua fishing offort, in tha biolofioal sense. Spaoifio data on location of oaptura ara alto 
scarce, but at laaat until Tory raoantly long voyages wara not Made, and tha plaoa of oaptura corres- 
ponds olosaly to tha point of landing. 

for tha long rangt vessels froM Buropo and Aala now operating in tha araa, tha atatiatioa ara not 
so good. Total oatoh ia available, bat tha breakdown by araa and species is not always available, nor 
are offort data. However, tha atatiatioa ara being improved and the AGNRR/IGBS working group obtained 
reasonable estimates of total oatoh of the Major epeoiee by Major araaa and of oatoh per unit effort. 

5.2 Pie f Uhariai 

Until recently (with the exception of one exploratory voyage for Mackerel by tha US aohoonar 
ALICE in 1889) fieh ing in the area haa been entirely by tha ooaetal etatae. Three aajor fisheries 
can be diatinguiahadj that for shoaling pelagic fiah (eardine, maasbanker (Traohurua). etc.) earried 
out froM South Africa, South-Waat Afrioaand Angola* tha trawl fiahary (Mainly for hake, JUrluooiua) 
frCM South Afrioai and the rooto-lobster fiahary from South Africa and South-Wait Africa. In addition 
there are a number of Minor fisheries, including the fiahery for anoak (TSiyrsites atun), froM South 
and South-Waat Afrioai Mall South African fiahariaa for rihrimps, and for abalonas and the ihallfiah, 
and tuna fithing froM Angola* Of thaaa the oruetaoean, mollusc and tuna fiahariaa are diaoueaad 
eeparately ia other reporte of thia aariaa dealing with each of thaaa three resources on a world basis. 

In the late 1950s Japaneee tuna vessels started fishing in the Atlantic and a part of their 
catches oaaa ITOM the present areas. In 1962 trawlers from Spain (fiah ing Mainly for hake), and Japan 
started fishing in the area. Since then, a numbar of other countries have sent long distance freaser 
trawlers to the area - including USSR, Oernany, Greece, Israel, Belgium and Kbrea. The Main interest 
of these vessels has been in hake, though the Japaneee also fish for various sea breans, etc., and for 
cephalopoda, and tha Soviets for pelagic fish. Hie hake catches of these long range vessels in 1968 
accounted for at least $00,000 tons, compared with 120,000 tons by local vessels. 

The hake fishery from South Africa was until recently Mainly limited to the Oape Grounds (south 
of 31 S, and west of 20B), but lately tha activities of both tha South African and long range traw- 
lers have spread north, particularly off the Orange River and Luderits. Fishing has also become 
deeper, down to 1,000 m. The catches of the coastal fisheries for pelagio fish have been controlled 
by quota regulations and by limitation on the number of processing plants and catching vessels 
(Ocrtenbaoh 1962 )f the quotas have been increased at intervals over the last ten years. In addition, 
converted whale factory ships have recently been working off South-Waat Africa whose catches were, 
until 1969, not included in the local quota. 

5.3 Stock assessment 
Hake 

The state of the hake stocks has been reviewed IQT a joint AOKRR/ICBS working party (AONRR(PAO) 
1968) and lay Jones and van Bok (196*7). Gushing (1968) has made quantitative estimates of the standing 
stock using echo sounder data. 

Hie southern stock on the Cape Grounds (for which the best series of oatoh and effort data ia 
available) appears to be fully exploited, with the greatest yield, with the present mesh sise, of 
around 110,000 tons, taken with the effort at around the 1967 level, ttiis figure inoludaa an allo- 
wance for the appreciable quantity of hake that is at present discarded at sea, or used for Meal. 
Tha landings, especially tha part used for human consumption, would oertainly be increased if a 
larger cod-end mash siss were used by the trawlers. The catches mit*t also bs increased, perhaps 
up to 125,000 tons. 

The state of the stocks on the northern grounds is not quite so clear. The oatoh per unit 
effort of Spanish trawlers (mainly on these grounds) was, in 1967, 13*4 kg/ton-day, compared with 
33.1 kg/ton-day in 1965. The length and age composition on the Luderits Orounda in 1966 and 1967 
were very similar to that on the Cape Orounds. The echo survey, from Malvis Bay to Cape Town, 
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showed that the proportion of tho total hake stock which was oa tho Capo Grounds was *? 22 |^ 2 ^ . .333, 

while rathop less than one-third of tho total oatoh comes from thooo grounds. Using tho echo survey 
data, tho fishing Mortality oooffioioat, F 9 for all froundo combined was estimated ao 0,43* Takon 
toffothor thooo data suggest that tho northora stocks art ao heavily fished ao thooo la tho Oapo Grounds. 
If tho Capo Grenada account for one-third of tho total potential, thon thio total airf* bo estimated ao 
3 x 125 . 37^,000 ton*. Tfeis at firet sight appoaro low compared with annual landings in 1966 and 196? 
of tho ordor of 400,000 tono, though thooo oatohoo will havo included an eleaont from tho rodootion of 
an iaitital hi* standing stock (flab up to 10 years old woro prooont), which cannot be sustained for very 
long* It io estimated (ACMRH(FAO) 1968) using tho ooho survey data, that a stock of 2.9 Billion toao in 
196$ dooliaod to 1.2 Million tono in 1967. Biis doolino stems largo in rolation to tho total oatoh 
(or aoro spooifioally tho total oatoh looo natural inoroaoo - growth and rooruitBont loss natural aor- 
tality), and would suggest that tho otook may have boon ovtr-ootiaatod. There io, thoroforo, not 
necessarily any inconsistency between tho oatoh records and a potontial sustained oatoh of only 
375,000 tono, though if thio figuro io in orror, it Bay bo too low, but io unlikoly to bo much too high. 
Allowing for OOBO undert-ostiaation, and rounding off a roaoonablo round figuro for tho total hako 
potontial botwoon Wai vis Bay and Capo Town might bo 500,000 tono - 360,000 tono off South-West Africa 
and 140,000 tono off South Africa. 

Dotailod aoooooBonto havo not boon aado of tho othor dtmersal stocks, but it wao estimated that 
71J of tho fiah sampled Iqr tho ooho survey woro hako* If thio proportion oan aloo bo appliod to tho 



potontial, thon tho potontial of othor fish (kingolip, brean, oto.) is ** x 500,000 - 200,000 tons. 
Pilchard (Sardinops oootllata) 

Hit most dotailod assessment of a pelagic stock is that of tho pilchard off Walvis Bay by 
Newman (in press). On tho basis of extensive tagging results and othor data ho concluded that tho ave- 
rage fishing mortality in 1963/6' was 0.155. *** corresponding yiold par rooruit was 33 gf and tho 
BSTlBua yiold par rooruit appears from his graph to bo rathor loss than 90 g. In 1963/6 tho average 
annual oatoh was 600-650,000 tons} if tho recruitment remains constant following increased fishing 
thon tho yiold might bo increased to 0.65 x 90/33, or around 2 Billion tons. 

However, Hewman draws attention to tho doolino of tho Californian sardine and its replacement ty 
anchovy, at a fishing mortality of around 0.4 (Murphy 1966). A similar change has occurred in South 
Africa (Standor and Is Koux 1968) and olsowhsro. 

Gushing (US) in a general review of tho rolation of recruitment to adult stock and to tho rate of 
exploitation also concludes that in several olupeoid stocks recruitment has declined at values of 
fishing mortality above 0.4. Bio greatest yiold would thon be taken at a fishing mortality of about 
0.4, when tho yiold per rooruit is only 53 g If tht rooruitaont is thon still tho same on tho average 
as in 1963/6, thon tho yiold would bo 0.65 x 53/33, or a little over 1 million tons; this is probably 
a more realistic estimate of tho potontial yiold than tho figuro of 2 Billion tons, based on the 
assumption of constant reoruitaent. 

If fishing oa pilchards is intensified beyond a certain level it may well be that tho catches will 
decrease sharply. Under these conditions tho pilchard may bo replaced by anchovy, perhaps with no 
groat change in overall productivity. Outre Bay bo SOBS differences, depending on tho stock-recruitment 
relations for tho different spec its, and their possible interaction. Lacking better information a 
potontial of 1 Billion tons will bo assuaod) tho species composition may vary with different patterns 
of fishing, and also with environmental conditions. 



Ho such oxplioit asssssaoat has boon made for tho stock of pilchards off St. Helena Bay. Several 
reviews havo boon made of oatoh statistics and othor information (Davits 1957. 1957 a, 1954 ouPlossis 1959; 
Standor and Io Roux 1968). From thoso, it appears that some of tho fluctuations in total oatoh oan be 
readily explained in terms of variations in year-class strength. Between 1950 and 1956 and especially 
ia 1954/5 muUl ft** (! *&** 20 ) ** not ooamon i* the oatchosf rooruitaont during tho later 
part of this period appears to havo boon low, so that by 1955/6 the stock consisted of a rathor small 
number of old fish, and tho total oatoh was low. In 1957 *igns of tho recruitment of a now strong 
year-class woro visible (fish botwoon 15 and 18 oa) and catches increased sharply in 1958 and 1959 
(1953/7 avorago 100,000 tons, 1958 195fOOO tons, 1959 260,000 tons). Good year-classes, combined with 
increased fishing, gave high catches up till 1963 (peak 410,000 tons in 1962). Since thon catches 
havo dooliaod, apparently through poor rooruitaent. A feature of the post-1957 oatohss has boon tho low 
proportion of largo fish (over 23 oa). It is tempting to ascribe this to tho offoct of increased 
fishing mortality, though, particularly if largo and small fish school separately, changes in tho pat- 
torn of fishing aay also havo had some offset. Good measures of true fishing effort (proportional to 
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the mortality caused) are not available, bat the total hold capacity of the fleet increased by nearly 
50)1 between 1960 and 1965 (Stendor and la Roux), and this probably undermost imates tha true increase 
in fishing capacity. Ifce great daoraaaa in big (and old) fiah f and tha failure of tha oatohes to ba 
Maintained after 1963, deapite the large fleet, suggests feat the stocks are heavily fished, with a 
potential (for recent recruitment levels) of 250-400,000 tons, depending on the recruitment. 

While fishing for pilohard is concentrated on two rather small areas (off Walvis Bay and St. 
Eelena Bay), plus a very small fishing off Hatal and a fishery off buderits, which started in 1964 
(Newman, in press) and produced 90,000 tons in 1966, the fish occur all along the ooast from Angola 
to Natal, nothing definite appears to be known about stook separation, but three possibilities exist 
concerning the fish south of Angola* 

(i) there is one stook, exploited in two areas; 
(ii) there are two stooks, both heavily exploited! 

(iii) there are more than two stocks, only two are heavily exploited, and there are unexploited 
stocks in the area between Walvis Bay and Lamberts Bay. 

Recent analysis of tagging data by Vewman (in press) show that some 400 of the fish landed at 
Luderits oonsist of migrants from Walvis Bay, but migration 'between Walvis Bay and the Cape is small* 
The seoond possibility (two independent, and heavily exploited, stooks) seems the most likely* 

Regarding the total potential of the region, there is a most important difference between (i) 
or (ii),and (iii). If unexploited stooks exist the total potential may be much in exoess of the sum 
of the resources in the two exploited areas* Pilohard certainly exist off Luderits and the Orange 
River, and the position of the main centres of the pelagio fiahery may be determined as much by the 
availability of suitable ports, as by the position of the main concentration! of fish* However, the 
South African based factory ships have been working olose to Walvis Bay, rather than further south, 
and this suggests that the fiah between Walvis Bay and Cape Town are not so abundant as off Walvis Bay. 

The critical question, however, is not so much whether the fish are present in these intermediate 
areas, as whether they are separate and can be fished independently of the stook to the north and south* 
There appears to be little information available on this* Some tagged fish from South-West Africa 
have occurred in South Africa, but there is no evidence of large scale movement (Stander and le Roux 
1968)* Ibis and the fact that the two main fishing areas seem also to be the major spawning grounds 
suggest that there is not a major independent stook between Walvis Bay and Lamberts Bay* 

Pilohard and anchovy 

Following the experience in California (Murphy 1966) there is anxiety concerning the possi- 
bility of fishing causing the replacement of pilohard by anchovy (Snjjpraulie oapensis)* Stander and 
le Roux (1968) show that there haa indeed been an increase in anchovy off South Africa. The relevant 
information from their paper is given in Table N1* 

The density of adults has been estimated as the product of the catch per unit effort (landings 
per tons of hold capacity) times the percentage of adults* This shows fair agreement with the number 
of eggs oauflfrt per plankton net haul (increase to a peak in 19&/1, **& deoline sinoe then) suggesting 
that both are giving a reasonable measure of the stook of adult pilchards* 

aba blanket net oatohes of young fish also agree in showing peak pilohard oatohes around 1961, 
but later oatohes have been much lower than might be expeoted from the eggs* At the same time, the 
number and percentage of young anohovies has increased! the total number of young fish shows no clear 
trend* 

There is, therefore, an increase in anchovy, at the same time that there appears to have been a 
daerease in pilohard* However, the main increase in anchovy was between 1956 and 1962 1 the first 
part was before the period of hii pilohard oatohea and the seoond a time when the abundance of 
adult pilchard* and pilohard eggs was unusually high. It is doubtful, therefore, whether the 
increase in anchovy can be ascribed to a reduction in pilohard stooks by fishing, though the increased 
anchovy stook rnigfct be a cause of the reduced survival of pilchards from eggs to young fish (as mea- 
sured by the ratio of number of young fish/haul to the catch per unit effort of adult pilohard) which 
is apparent sinoe 1962* 
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Tabl* N1 - Pilchard and anchovy off South Africa 



Conmroial fiahtry 

Total oatoh ('000 ton*) Adult 
Pilchard Anchovy (a) 


Pilchard 
00 


Plankton 
(c) 


Blanket net samples 

Numbers per haul 
Pilchard Anchovy Total 


% Anchovy 
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Hotel (a) Percentage of adult pilchards in catches 

(b) Catch per unit effort of adult pilchards 

(c) Number of pilchard eggs caught per plankton net haul 
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54 Othtr avidanea of potantial 
**d yoiMMP fifth 



Boutin* aurvayv for pilchard agga and larva* hav* baan mada off St. Halana Bay (Daviaa 1954) 
during which othar apaoiaa wara raoordad. Tha oommonaat palagio apaoiaa 9 othar than pilchard, waa 
maaabankar. Anchovy and round barring (Strumau* mioropu*) alao ooourrad (though th* data war* ool- 
laotad bafbra tha inoraaaa in anchovy notad abova), aa did larva* of lantarn f iaho (lyotophum and 
Maarolioua *pp). Among damaraal apaoiaa poat larva* and juvanilaa of haka wara fraquantlj obtain**, 
and othar danaraal apaoiaa alraady commercially axploitad auoh aa John Dory (Zaua fabar). Jaoopavar 
(Sjbattiothy* oapanaia) *to. ooourrad in anallar ainibara* 

During tha aurvara othar obaarvmtiona on fiah w*r* madt. In addition to tha apaeiaa notad abova, 
anoak (Piyraitaa atun) *ra caught on handlinaa, and aaurj (8ooabraao aaurua) wara fraqutntly aaan 
whan attraot*d tolE* hlpa aida by Ugfcta, aapaoially at tha waatarly atationa in tha wamar watar 



Sflu** (Lcligo rtynaudi) wara alao vary cowmen. 

In tha inahora araa y ft numbar of othar apaoiaa (ailvaraida, Atharina brayioapa. whitabait t 
hriati aa*tuariu*t mullat, Lima ramada) war* found, po*t-larvaa andl juvanilaa of Capa Rookli 



COaidropaaru* oapanaia) bain* particularly abundant. Young fifth aurvaya war* oarriad out off South 
Africa, uaing a Uankat nat (Daviaa 1957 ft). In tha 1955/6 *urv*y* a total of 3, 6 72 pilchard, 23,124 
maaabankar, 343 anchovy, and 3 f 996 round barring w*r* caught. 

Food of lar gar animal a 

toa food of aavarftl of tha major pradatora on fifth round South Africa haa baan atudiad in 
d*tail in **v*rftl pftp*r*. Rand (1959) haa atudi*d th* fur **al. From 245 ! killad at **a t th* 
r*lativa paroantftga contribution* of tha major food itama, in t*rm* of voluma, wara aa follow* s 

Jfaaabankar 44.2 Loligo ap. 6.5 

Pilchard 14.3 Ootopua ap. 15.8 

SabMtiohthy* 2.8 Rook lob*t*r* 2.1 

Othar fifth 13.6 Othtra 0.6 

Th* total consumption of fifth by fur aaala waa aatimatada*11 9 500 ton*. Th* food oonaumption by 
birda off South Africa haa baan *tudi*d by Davit a, and in mora datail by Rand (1959 ftt I960, 1960 b). 
Similar atudiaa hav* baan mada off South-Wtat Africa (Xfttthawa 1961). Th* r**ult* in tarma of tha 
paroantftga composition by w*ight or volum* ara giv*n in Tabla 112 balowt 

Tabla H2 - Pareantaga food consumption by *outh*m African bird* (1955/6) 
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The food of the fish caught in the trawl fishery, particularly the hak*, has been studied by 
Devi** (1949)* food of hake varied with the eisei the smaller ones feeding on euphausids and 
myotophids 9 with small quantities of other animals - oephalopods, mysids, eto., while the larger hake 
fed largely on small hak*, and some maasbanker and rat-tail, Cooler anohus fasoiatus. Hie latter 
species , itself an important element in the trawl catches 9 mainly feeds on bottom crustaceans (Pagurue 
spp.) *to. The food of the other fish (Dory, geus fabsr. Jaoop*v*r, Helicolenus maculatus. Kingoiip, 
Oenypterus capensis). consisted of the same organisms in different proportions; 

6* BZSCU8SIOV AMD SOMMART 

The assessments obtained above for the potential of some of the fish stocks are set out in 
Table H3 9 in which the estimates have been eeparated for three major areas - off Angola, South-West 
Africa and South Africa. Th*** eetimatee are the (rather few) figures in Table V3 which are not in 
bracket*. 

For demersal fish the total potential between Walvi* Bay and the Cape (500,000 tons hak*, and 
200,000 tons other fish) has been divided in accordance with the echo survey data to give 140,000 tons 
hake and 110,000 tone others between Wai vis Bay and the Orange River, and 360,000 tons hake and 90,000 
tone others south of the Orange River. These figures are given in Table M3. To these should be added 
the potential north of Walvi* Bay and east of the Cape. About half of the shelf area off South-Veet 
Africa lies north of Walvi* Bay and the hydrographio conditions seem similar. Therefore, it is rea- 
sonable to assume that the demersal potential in this area is the same as between Walvi* Bay and 
Orange River. Dividing it between hake and other fish in accordance with som* research vessel observa- 
tione (ACMRR(PAO) 1966) givee a total of 80,000 tone hake, and 170,000 tone other fish. 

The hake stooks off the south coast, including Agulhas Bank, are probably not independent of 
those on the Cape Ground*, and also the catches from the south-eastern ground* have probably to eome 
extent been included in the statistics of total catch used in analysing the Cape stooks. Thus, the 
figure of 360,000 for the hake potential off the west coast of South Africa inoludee a contribution 
aleo from the south coast | the figure for th* total potential ie, therefore, not much higher than, 
say, 400,000 tons of hake. The potential of the other demersal stocks ncrth-weet of th* Cape was 
eetimated from the echo survey, so the potential to south-east should be added directly! the latter 
area is rather greater, but appears to be less productive! as a first approximation, the potential in 
the two areas might be taken as equal, i.e. 90,000 tons. 

Off Angola there are no good data on demersal potential. Hake are virtually abeent and typically 
rather warmer water species are caught. About 10,000 tons of various breams, croakers, etc* plus 
25,000 tons of unsorted fishes (probably mainly demersal fish) are landed in Angola. Biologically the 
area appears to be not much less productive than further south! the upwelling region extends well into 
Angola at least seasonally 9 and intuitively one would expect the oentre of fish production to be 
located downstream of the oentre of primary production. Off northern Angola there are good stooks of 
sparids (especially Pentex anaolensis) in 50-70 m which appear to be little exploited. 

Sxpreeeed as potential per unit area within 1,000 m, the demersal potentials off South Africa and 
South-West Africa are very similar, oa 25 kg/ha. Taking a similar figure for Angola gives an esti- 
mate of 225,000 tons. 

These various estimates obtained above are given in brackets in Table H3. 

Among the pelagic stocks estimates of potential have been obtained for pilchard! there are 
1 million tons of pilokard from the ground off Walvi* Bay and 250-400,000 tons of pilchard off 
St. Helena Bay. To these figures should be added the potential of other pilchard stocks! catches off 
Angola, used almost entirely for fish meal, have reached over 100,000 tons (in 1964), but have tended 
to decline recently. In view of the worldwide tendency to increase production of fish meal wherever 
possible, this do** not suggest a large under-exploited potential, though other factors, e.g. loss of 
factories (Reis 1966) may have inhibited any increase. A guess is that the potential might be 
200,000 tons. Probably, but not certainly, there are no substantial unexploited pilchard stooks 
south of Walvi* Bay! ome small allowance for the possibility of such stocks can be made by taking 
the upper figures for the potential off South Africa. 

The potential of the other pelagic stooks aight be judged by comparison with the pilchard. Off 
Walvie Bay, the food consumption by birds strongly suggests (especially bar comparison with the food of 
the bird off South Africa) that the pilchard ie the only important coastal pelagic fish. Possibly the 
banker potential is 100 of the pilchard, and probably there is a potential of Sardinella aurita off 
the northern part of South-West Africa, p*rhap* of the order of tene of thousands of tone (indicated 
by x10 in Table N3). 
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Table N3 - Estimates of potential of the Southeast Atlantic 



Angola South-West Africa 


South Africa 


Total 


1967 catches 


Ungth (km) 


1,250 


1,300 


1,500 


4,050 




Areas 0-200 m ('000 km 2 ) 


50 


85 


150 


260 




0-1,000 m 


90 


200 


230 


520 




POTENTIAL 












Demersal 

Hake 
Others 


(225) 


360* (80) (a) 
110 * (170)^ 


140 + (40) (m) 
90 + (90)<*> 


620 
460 


420 
120 


TOTAL 


(225) 


720 


360 


1,080 


540 


Coastal pelagic 




(20) 


(20) 


(40) 


15 


Snoek 


Pilchard 


(150) 


1,000 


(150 - 300) 


1,400 


1,106 


Anchovy 


(100) 


(x10) 


(200 - 750) 


650 


300 


Maasbanker 


(400) 


(200) 


(150 - 400) 


800 


195 


Mackerel 




(x10) 


(50 - 150) 


150 


140 


Sardinella 


(650) 


(x10) 


(xl) 


700 


- 


Round herring 


- 


- 


(x100) 


300 


- 


Sand-eels 


- 


- 


(x10) 


50 


- 


TOTAL 


(1,300) 


(1,300) 


(700 - 1,800) 


3,900 


1,740 


POTENTIAL PER UNIT AREA 
07 SHELF (to 1,000 m) (kg/na) 












Pslsgio 


(145) 


115 


(55) 






Demersal 


(25) 


36 


16 






TOTAL 


170 


150 


71 






OTHER SFTCIES (not 
considered by areas) 












Saury (x100) 












Pomfret x10 












Squid x100 












Myetophids x100 













Notes - Figures in brackets denote estimates based on particularly inadequate data 

(a) Bracketed figures denote estimates for grounds outside the area covered by echo surveys 
(see text) 

(xl), (x10), (x100) denote quantities believed to be a few thousands, tens of thousands 
or hundred of thousands respectively 
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The feeding of bird* end seals show that the other coastal pelagic fieh are relatively more 
important off South Africa, though it would be difficult to uae the data quantitatively. The young 
fieh urveye, win* blanket nets, are fundamentally more quantitative, but have been rather reetrioted 
in 

Taking all the evidence together suggests that the potential of msasbanker ie ae high aa that of 
pilchard (it wae commoner in stomachs of hake and Male and in blanket nets, but bird* ate fewer); 
anchovy my now be acre productive (quite common in birde 1 stomachs even in 1 955/6 f now very much 
commoner in blanket net eaaplee). Round herring nay be rather less productive - of the order of a 
hundred thousand tons and Mackerel leee etill - perhape tene of thoueande of tone. Sardinella aurita 
occur* but ie rare. Obis would suggest potential!, for the oonditione of 1955/60, ae follows "" 
(in '000 tone)s 

pilchard 250 - 450 

maaebanker 2JO - $00 

anchovy 100 - 300 

maokerel 50 - 100 

TOTAL 650 - 1,350 

Sinoe then there hae been a change in the balance of speoiee, ae ehown in both the oatohoe in the 
commercial fiehery and reeearoh data; assuming, ae eeeme reasonable, that the pilchard ie etill about 
fully oxploited y the potential* under 1967/8 oonditione might bet 

pilchard 100 - 150 

maaebanker 50 - 250 (commercial catchee euggeet a eerioue decline) 

anchovy 300 - 1,000 (up to 10 timee pilchard, eee Table N1) 
mackerel 50 - 200 

TOTAL 500 - 1,600 

The meane of the two periode are ehown in Table N3. 

Comparing theee figuree with the actual catches (Appendix Table N1) euggeete that the anchovy ie 
etill under-exploited. The lack of any obvioue trend in the total pelagio catch, which eince 1960 hae 
varied between 350,000 and 550,000 tone, suggests that the potential may not be very much above thie 
level, i.e. in the lower range of the tabulation* above. The biggeet discrepancy between potential 
and catohee ie for the maaebanker} the present eetimatee, based on feeding by other fish and birds 
suggest that it is only lightly exploited. However, the catches have decreased in the last ten years 
at a time when the decrease in the most favoured epeciee (pilchard) might be expected to have resulted 
in increased effort in massbanker. 

Sand-eels (Ammedytes capensis) occurred quite commonly in the stomachs of cormorant*. Sxperienoe 
in northern waters show that sand-eels form a reeouroe which ie frequently neglected \xy fishery inte- 
rests, though when present the larvae may be dominant lament* in the plankton. Larval sand-eels did 
not appear frequently in the plankton off South Africa, so probably the potential ie not large (perhape 
some tens of thousands of tons)* In addition to these small pelagio fish, larger fish, e.g. snoek, 
are present. Being predators, their potential will not be so large, perhape 40,000 tons, equally 
divided between South Africa and South-West Africa (there is migration of snoek between the two areas). 

The potential off Angola is even less easy to estimate. Catches of maasbanker (Trachurus)are 
high, and showing some tendency to increase Sardinella aurita are common off Angola (Monteiro 1956, 
Postel 1960). Anchovy also occur, especially in the eouth. Oheno (1966) suggeeted that the Angolan 
catches of both pelagio and demersal fish could be greatly increased. It seems reasonable to suppose 
that the potential of Angolan waters is similar to that of the comparable coasts of South-West Africa 
and South Africa; though the width and area of shelf is less, the length is about the eame, and thus 
is probably the more critical factor so far as the pelagio resources are concerned. 1he*e may, there- 
fore, be estimated as being around 1.3 million tons; a suggested division between species is given in 
Table H3 
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Othtr stocks 

Thtrt art aignt of othtr tptoits, mottly ootanio. whioh though not exploited in tht arta, 
art fished tlatwhtrt. Two notable examples art tht saury (Soombrtaox saurus) and tht squid (LolUo 
rtynaudi). Both of theiie appear to havt an oooanio distribution, or at loaat art not confined to 
waters moderately oloat to tht ooast, aa art tht aptoita diaooaatd above. Thtir yield, thtrtfort y 
will depend mi how far fishing oould in praotiot extend. Probably tht rtaourota of both aptoita art 
at Itaat of tht ordtr of hundreds of thousands of tons. Myctophids, whioh art an Important tltmtnt of 
food for atrtral apaoita (Davits 1949) form anothtr resource whioh it oltarly large, though at prtatnt 
requiring tome ttchnolofioal advances to make ita large scale txploitation in offshort artaa toonoai- 
oally ftaaiblt* Itwoan (ptraonal oosnunioation) rtports that "Binot tht introduction of anohovy ntta 
in tht Wtattm Caps occasional oatohta of lanttrn fish havt bttn nadt, tithtr purs or alxsd with othtr 
aptoita* Two ayotophids art involvtd, Laapanyetua hsotoris and Myotophuai huaboldti, but sx)st of tht 
landings havt bttn of L. hsotoris, Avtra^t wsi^its rangtd fro 03 g to 3*1 g and caudal Itnftha from 
4*4 to 7*3 on* Catohss havt bttn nadt by ptlagio boats at nlJit t bttwttn Laftbtrta Bay and Caps 
ColuAbint in wattr ranfinc from 15 to 140 An. 

Tht oil yitld frosi thtat fish is rtporttd to bt high, that it, in tht vicinity of 30 galls par 
ten. Stparatt landing wsights art not rtadily availablt, but individual oatohta ftron 8 to 25 tons 
havt bttn rtporttd. Tht total landings in tach of tht paat two years havt not tzottdtd thrtt figurts 
in South African wattra." 

Comparison with othtr artaa 

Bis total pottntial of tht arta including aptoita such aa aquid and nvjrctophids for whioh 
trplicit tatimatta of pottntial havt not bttn obtaintd, may bt tatinattd aa 5-^ Billion tons. This 
it quits high (t.f. Northwest Atlantic pottntial it 6 Million tons, Horthtaat Atlantic 1$ Million 
tons) but ia oonaiattnt with tht hii primary production in tht arta. Tht rtlation of upwtlling to 
fish production ia diaouaatd in mort dttail by Gushing (1969). 

Improvement of tatimattat further studies 

All tht tatimatta prtttnttd htrt art subject to great variation, and all aaptota discussed 
htrt should bt made mort prtoiat. Rowtvtr, certain aspects seem to bt particularly important in 
deriving better tatimatta. Thtat include i 

(a) further atudita along tttablithtd lines, of the population dynamics of the major txploittd 
stocks, especially pilchard and hake, for whioh extensive data are already available | 

(b) Determination of tht idtntity of separate stocks; especially for pilchard and of tht rela- 
tion of tht pilchard occurring outside tht main fishing artaa to those of tht fishsry, 
t.g. by tagging at intervals along tht whole South Afrioan/South-West African coast; 

(o) Surveys, prtftrably combining echo surveys and fishing, of tht stock and artaa whioh apptar 
to bt particularly lightly exploited, i.e. anohovy off South Africa, and tht ptlagio stocks 
generally off Angola; 

(d) Experimental fishing and othtr atudita to determine the possibilities for fishing for aquid 
and saury. 
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OTROKJCTIOT 

The richness of the living resources pf part* of the Antarctic seas were noticed ty the earliest 
explorers. The problems of evaluating, and using, these resource, are quite different from those in 
other areas. The climate and distance from markets or major ports make exploitation difficult, while 
some of the main elements in the ecosystem which support the main fisheries elsewhere - shoaling pelagic 
fish and large or medium demersal fish - are absent in the Antarctic. However, the large whales hav? 
supported a large industry, supplying some 10* of the world marine catch in the 1930s, and considerable 
attention is now being paid to Antarctic and sub-Antarctic resources, e.g. krill, now that the limits 
cf the potential of other resources are being approached. Recent reviews of the general knowledge of 
Antarctic resources are available in Holdgate (1970) and, for Russian research, Marty (1969). 

1. TOPOGRAPHY 

1.1 The northern boundary of the Antarctic Ocean is conveniently given by the Antarctic Conver- 
gence, which, however, does not preclude free exchange of large water masses in deeper layers. Several 
authors describe the Great Southern Ocean reaching the tips of the African and American continents. 

In terns of surface waters and their fauna, the Antarctic Ocean is an entity in spite of the fact that 
it has an open and free connection with the three great oceans. The southern boundary is the Antarctic 
continent. 

Even in summer parts of the area are inaccessible; south of the Convergence in winter, however, 
ioe covers up to half the area that is ice- free in summer. 

1.2 The major part of the continental shelf is narrow, depressed by ioe to great depth. It is 
generally covered by ioe during most of the year and oannot be fished ty conventional methods* The 
islsads and submarine ridges have no large areas of shallow water. There are shallow areas of some 
importance around Kerguelen Islands and South Georgia. 

1*3 The oceanic area is mainly a deep ocean with depths of 4,000-5,000 m and covered with diatom 
oose in the northern half, and blue olay in the south. The South Antilles Area rises from the deep 
sea floor and is of great importance to the circulation of the Southern Ooean and its ecosystem. 

2. HTDROQRAPRr 

2.1 The water masses of the Antarctic Ooean are of three major layers moving in different direc- 
tions. 

(a) Surface water moving generally eastward (West Wind Drift) but deflected by the Antarctic 
peninsula into a north-easterly direction, protruding far northward (WeddeU Drift). Close 
to the continent there is a westward drift. The surface water is cold and of low salinity 
throughout the year. 

(b) Underneath there is an influx of relatively warm (0.5-2C) and highly saline water from the 
north. This H warm deep water 91 starts to climb up at the Antarctic Convergence and becomes 
the impressive Antarctic Oiroumpolar Water. It reaches the periphery of the continent. If 
the warm water does not upwell in open waters or areas of very thin ioe cover, it oools 
down on its travel to the south until it freeses. 

(o) The cold bottom water which moves northward. 

At the Antarctic Convergence, the oold surface water sinks below warmer mixed water. South and 
north of the Antarctic Convergence the general direction of the surface currents is eastwards with 
velocities averaging about 73 knots (0.13 m/sec). 

2.2 Surface temperature close south to the Antarctic Convergence reaches about 4C in the 
northern regions in summer and less than 1-2C in winter, in more southern parts it is close to 
freecing or freesing. At the Antarctic Convergence surface temperature rises steeply by 2C. 

2.3 The surface layer is 100-150 m thick. In the region close to the continent, no stratifica- 
tion oan be observed as there is a mixing of the warm deep water with the water masses of the surface 
current. 

2.4 Upwelling occurs in the area of divergence in a low pressure belt at about 655 and also 
close to the continent. 

The environmental conditions in the Antarctic Ooean have been summarised by Roldgate as follows: 
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The Antarctic marine environment is thus a deep oceanic system with a strongly marked circulation. 
Upwelling bring* nutrients into the surfac* water in considerable quantity. The light regime is 
seasonal , with abundant light for photosynthesis in summer, but virtually ero illumination in winter. 
The temperature is consistently low throughout the sons* As with many productive oceans, there is 
considerable turbulence in sumner f but stability in winter under the protective ioe cover. Granted 
tolerance for physiological adaptation to the low temperature, habitat conditions are favourable for 
life in summer, but owing to the low light intensities v become markedly less so in winter* w 

The following statements on primary production and plankton refer to the open parts of the ocean 
which are free of ioe cover at least during part of the year* Along the edges of the continent where 
fast ioe cover prevails most of the time living conditions are entirely different. 

3. PRIMARJT PRODUCTION 

Primary production is limited due to the lower incident radiation caused ty ioe cover and long 
winters. On the other hand, there is a steady and rich supply of nutriente through vertical instability 
in many parts of the region. 

During summer production can be exceptionally high, particularly in the northern parts of Weddell 
Sea, in the Drake Passage and in the neritio sone west of Graham Land. Some of the most reoent figures 
based on C * (at least partly in winter) experiments have been compiled by El-Sayed (personal communica- 
tion) (Table 01). Bl Sayed (1970) also notes that productivity in oceanic waters is much lower than these 
high figures for the neritio cone. 

Table 01 Productivity values of Antarctic waters 



Region 


Chlorophyll 
(mis/m3) 


C ^ uptake 


Author 


mgC/mVnour mgC/m 3 /day mgC/m 2 /bour gC/m 2 /day 


Antarctic waters 




9 


Klyshtorin (1961) 


Gerlache Strait 


11.6 




Burkholder and 
Sieburth (1961) 


Bransfield Strait 


3.6 




it ii 


antarctic (Indian 
sector) 


0.15-0.6 




Ichimura and 
Fukushima ( 1963) 


Africa-Antarctic 


0.17 


0.03 


Saijo and 
Kawashima ( 1963] 


Australia-Antarctic 


0.28 


0.10 


ii n 


Bransfield Strait 




0.70 


Nandelli and 

Burkholcter(l966 


Gerlaohe Strait 




0.86 


ii it 


Antarctic waters 
(Atlantic sector) 




13.30 0.145 


Volkovinsky ( 1966; 


Drake Passage 


0.78 


6.2 64.5 0.77 


El-Sayed ( 1966) 


WeddaU Sea 


0.61 


2.4 30.4 0.68 


ti n 


Bransfield Strait 


0.86 


11.8 142.4 2.76 


it n 


Oerlaohe Strait 


6.27 


13.1 101.4 1.31 


n n 


Marguerite Bay and 
Vicinity 


2.73 


2.9 25.0 0.46 


it it 


Bellingshausen Sea 


0.36 


0.8 13.16 0.24 


it it 



These figures refer to optimum summer conditions, the productive season being only about 120 days 
during which, however, daily duration of illumination is long. Even in summer, production under the 
ioe is largely reduced to about 1$ of the normal rate although standing stock of plants is rather denee 
under the ioe (0.01 - 0.05 agC/m^/hour in Ndfurdo according to in situ C 1 * measurements ty Bunt (1964) 
(cited from Carriok et el. 1964). 

Figures for average annual production vary from 43 gC/ 2 ( Carrie 1964) to 84 gC/m 2 (El-Sayed 1968) 
and 100 gC/mr (Hjrther 1963, for the total southern ocean). As the measurements tended to be somewhat 
concentrated in the richer areas, the overall mean for the Antarctic Ocean might be close to 50 gC/nr 
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or even less. Although most parts of the Antarctic Ocean are not a* productive as rich area* of the 
temperate tone, figures for abundanoe of phytoplankton are high, particularly off South Georgia, in 
Bransfield Straits, and in WeddeU and Ross Seas, probably due to a lower turn-over rate. In open 
waters, it nay reach 4 fl/" 3 or more (according to Japanese ' findings) in summer, an average figure of 
320 mg/m-* is given by Holdgate for the total ocean* 

El-Sayed ( 1965) in a paper at the 2nd International Oceanographio Congress compared recent figures 
on primary production in the Antarctic with earlier data by Steemann Nielsen ( 1954) on other regions of 
the world ocean. Although those first global estimates by Steemann Nielsen should be regarded as only 
roughly correct, El-Sayed v s statements are worth quoting: 

"It is interesting to note here that our average value of primary production for the inshore and 
offshore regions (0.89 gC/myday) is about six times the average gross production over all the oceans 
(0.15 gC/mVday) estimated by Steemann Nielsen (1954). If we assume that our figure is representative 
of Antarctic waters, and using Mackintosh and Brown* s (1956) estimate of the surface area south of the 
Antarctic Convergence as 2.36 z 10' km 2 in March, and 1.18 z 10' km 2 in September, the amount of carbon 
fized in these two months are 21.24 z 10 and 10-53 x 10 6 tons of carbon/day, respectively. On a yearly 
basis (calculated here ty multiplying the photosynthetic rate per hour, by the number of hours of sun- 
shine per year) the production in Antarctic waters varies between approximately 0.45 x 10 tons of 
carbon/year and 0.22 z 10 10 tons of carbon/year, with an average of 0.33 x 10 1 " tons of oarbon/jrear. This 
average represents about 20 of the average gross production in all the oceans (1.5 z 10 10 tons of 
carbon/year), estimated by Steemann Nielsen (1954). Interestingly, the Antarctic waters, south of the 
Convergence, cover only about % of the world ocean. This means that per unit area the Antarctic 
waters are about 400 more productive than the rest of the oceans ..." 

Standing crop as well as productivity of phytoplankton in the southern part of the region depends 
largely on the changes in the ice cover, due to which large seasonal and regional variations are 
observed. 

4. ZOOPLAJOCTON AND INVERTEBRATE BENTHOS 

Figures of standing crop vary considerably for different authors but all of them indicate that 
cooplankton abundanoe is high. In a general review of BOO plank ton standing stock throughout the world, 
Bogorov et al. ( 1968) found a band of high abundanoe - over 100 og/nH - at around 60S. This level is 
rather below the peak abundanoe in the northern coastal cones, and in upwelling areas. The nets used 
would under-estimate active animals such as euphausids, which may be relatively more common in the 
Antarctic* The highest figures were found close to the Antarctic Convergence and in the area of Graham 
Land and Scotia Sea. Zooplankton appears to be very scarce under the fast ice. 

The total abundanoe of sooplankton varies very much from region to region. The Atlantic sector is 
richer than the others. During most of the summer sooplankton is oonoentrated in the upper 100 m; 
during winter in deeper layers, much of it is below 500 m. Seasonal variations in total sooplankton 
biomass in the water column of 0*1,000 m depth are moderate (Fozton 1956, Hopkins 1966, Voronina 1968)* 

P. Beyer (unpublished) compared biomass figures in Nansen net samples measured as displacement 
volume of plankton per a 2 water column. Those comparisons are based on Fozton' s (1956) and Beyer* s 
(unpublished) data on averages over larger parts of the Antarctic Ocean and on data from the Norwegian 
Sea. Displacement volume is 50 om3 to about 500 omV 2 in the Antarctic compared with 122 omVm 2 in 
the Norwegian Sea. Taking minimum estimates of 50 omYn 2 , dry weight per m 2 would be 3-10 g/m 2 . (if 
the annual production equals the average standing crop, 10 g dry weight per m 2 per year seems a con- 
servative estimate.) Hopkins (personal communication) found an average sooplankton-mi crone c ton abundanoe 
of 5.9 g dry weight/a 2 . Quantitative estimation of sooplankton standing orop is made difficult by the 
patohiness of the distribution and the fact that the larger euphausids are active animals which may 
easily escape the nets being used. The latter factor makes the figures produced here under-estimates 
of the true standing orop. No good estimates exist of the proportion of euphausids in the total soo- 
plankton. Voronina (personal communication) found l.(ff> euphausids and 72.6> oopepods in her samples, 
but her nets certainly under-estimated the euphausids. The proportion is probably highest in areas sue* 
as that round South Georgia, which are also centres of high total sooplankton abundanoe. Marr ( 1962) 
estimated the biomass of E. superba in the Weddell Drift as 30 g/m z . 

For fishery purposes information on euphausids in summer is particularly important. It has been 
described ty various authors (reference should be made particularly to Marr (1962)). In summer, 
Euphausia superba is oonoentrated in the uppermost 10 m, abundanoe decreasing rapidly with increasing 
depth* The distribution is mainly confined to the areas close to the northern boundary of the east 
drift or at the fringes of the pack ice. The largest concentrations were found in the Weddell Drift, 
around South Georgia, South Sandwich Islands and South Orkney Islands and in the large area north of 
the Weddell Sea. Experimental fishing in the area of South Sandwich Islands by Soviet expeditions 
composed of factory ships and fleets of catchers equipped with large plankton trawls gave promising 
results* Catches of up to 6 tons of krill per hour of fishing were recorded (Burukovskii1965). 
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There are no reliable data on annual production of sooplankton. The average life-span of most of 
tho sooplaakton organisms is unknown. The potential life-span of krill is 2 years (Harr 1-62), bat 
that of oopepods it presumably loss. Some animals will dit or bo oaton before becoming adult f 00 the 
average life-span night bt ono ytar or loss. If it in ono jroar, tho total annual production might bo 
of tho same order as tho average standing orop, i.e. $0 g/m* wot weight* mostly herbivores. Light 
conditions and grating by sooplankton has boon ahown by Bart ( 1942) to bo tht main factor controlling 
ptytoplankton in tho Antarctic. Tho relatively high standing stock of sooplankton ccmparod with 
ptytoplankton is duo to ths longevity of tho sooplankton organisms, which has tho bsnsfioial offset 
of storing organic mattsr ovsr a long psriod and providing food for sooplankton fsodsrs at a fairly 
constant rats* 

An indspsndsnt ostimato of ths lowor limit to ths annual production of ths largor sooplankton, in 
particular krill (&. superbat that can bs obtained from other ouphausids) is tho likely food consumption 
of the virgin stoolc of whales* According to Mackintosh and Brown (1956), the stock of whales in the 
mid-thirties was at least 340,000 specimens, their average weight was a little over 50 tons, the total 
stock was, therefore, about 18 x 10 tons. The virgin stock must have been somewhat higher as depletion 
of blue whales and humpback whales had already begun. The figure does not include sei whales, this is 
correct as sei whales feed preferably on other plankton. The virgin stock preying on krill might, 
therefore, have been not less than 20 x 10 tons. If it is assumed that for maintenance and growth 
the whales requirs an annual intake of food about three times the standing stock, the annual consumption 
45-60 x 10 tons, of which at least two thirds would be krill taken in the Antarctic. 

Alternatively, one might suppose from the few published observations on stomach contents of large 
baleen whales that a whale of 50 tons may take 1 ton of krill per filling of its stomach. One filling 
per day seems a low estimate. The feeding season of whales in the Antarctic is about 120-150 days. 
It has been found a varying percentage of whales with empty stomachs, which might bring the number of 
days of effective feeding average down to about 100 days. The amount eaten per year and whale would 
then be about 100 tons. The total intake of the virgin stock of krill eating whales which might have 
been between ^-500,000 specimens was 40*50 x 10 tons. 

Zenkovioh ( 1968 and unpublished communication kindly provided by Dr. Bogdanov) gave the following 
estimates of the consumption of krill and other plankton crustaceans by whales in the Antarctic! 







Daily 


Feeding 


Total consumption 




Initial stock 


ration 


season 


10 tons 






(tons) 


(days) 




Blue whales 


100,000 


4 


120 


50 


Fin whales 


200,000 


3 


120 


72 


Humpback whales 


50,000 


2 


120 


12 


Sei whales 


75,000 


1.5 


100 


12 



This total figure of 146 x 10 tons krill eaten annually by whales would bs an over-estimate if 
the whales fill their stomachs less often than the four times a day assumed by him. Oh the basis of 
his figures, one has to assume a very low conversion efficiency (in the steady state growth plus 
recruitment will be cental to natural deaths, or 5-10)1 of the population, i.e. 0.7-2.0 x 10 tons, 
which is only 0.5-1.5Jb of the consumption). However, his estimate of the unfished whale stocks appears 
low. The report of the Committee of Three soients (IWC 1964) gives an initial population of blue 
whales of rather over 200,000 animals. Thus his estimate of total consumption is probably not too low. 

As we have to assume also other predators on krill besides large baleen whales, those figures 
based on their feeding should be under-estimatee of total krill production. The population of orab- 
eater seals which has been estimated as 2 x 10 tons might take another 6-10 x 10 tons of krill. The 
amount of krill consumed ty birds and Wsddell seals is comparatively small. Ths ecological importance 
of krill eating fish is unknown in the Antarctic. In summer shoals of fish feeding on krill olose to 
the surface occur frequently off South Georgia (01 sen unpublished information) and in ths Scotia Sea 
(Permitin 1968). 

These figures suggest that the consumption of euphausids V large mammals is well over 100 million 
tons, or 1% of the estimated total sooplsnkton production. This figure is equal to ths observed 
percentage of euphausids in net samples, which is certainly an under-estimate of the true percentage 
in the sooplankton. It may be that the actual production of euphausids is as high as 200 million tons. 
Oulland (1970) suggests a slightly lower figure, due partly to a confusion between dry weight and wet 
weight in the estimates of sooplankton standing crop. 
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Ctoly a small fraction of thia could be relatively aaaiiy harvested * man, tha rest ara too 

widaly scattered or otherwise inaccessible. Fishing operations ara limited to about 4 montha during 
whioh concentrations at tha surface ara high (December to April) and ara confined to tha area off 
Antarctic Peninsula, South Georgia and outer WeddellSea. At krill ia concentrated in addiaa and on 
boundaries of watar masses, hydrographioal surveys would facilitate tha search of tha catching fleets. 

During tha SCAR Symposium on Antarctic Ecology held in Cambridge in July-August 1968, thara waa 
oonaidarabla discussion of tha resource potantial of tha krill, and of tha problems raised (a) by 
possible increase of othar krill eaters - birda and seals following tha reduction in tha whale atooka, 
and (b) tha influence of a poaaibla fishery on tha krill stocks. Thara waa a lack of relevant data) 
in particular thara waa no diraot avidanoa of any of tha alternative krill consumers having increased. 
Alao moat of thaaa ara confined to a graatar or laaaar extent to tha watara oloaa to tha breeding 
places on land or on ioa. Evan laaa ia known about tha poaaibla reaction of krill atooka to exploita- 
tion, but if exploitation ia limited to substituting for whales, tha above figuraa would appear to 
provide a aafa lower limit to tha potantial harvest (laaa a small Mount for tha present consumption 
by whales). 

On tha shelf of Antarctica and ita islands a vary rich bottom fauna ia found. Avaraga figuraa 
of 400-500 a/" 2 on tha continental ahalf in 100-500 a dapth (Balyaav 1958, oitad ty Holdgate 1967). 
Only in graatar depth abundance decreases to values comparable to thoaa found at tha daap aaa floor 

of othar oceans (s1 fl/or). 

The bottom fauna oonaiata mainly of sessile or sluggish and slow-growing orgsnisms auoh aa 
sponges, bryosoa, eoMnoderms, gorgonaoaaa and tunioates whioh ara rathar daad ends of tha food 
chain in terms of poasibla harvest ty *& Balyaev estimates that 60jC of the benthos ia not directly 
available aa food for othar organisms. 

5. ECOLOGICAL POTENTIAL OF PRIMART PRODUCTION AND ECOSYSTEMS FOR PISH PRODUCT I OH IH THE AREA 

From the biological point of view the Antarctic Ocean is characterised, not ty exceptionally high 
annual means of primary production, but ty a high and stable standing crop of sooplankton whioh, how- 
ever, ia only accessible to whales and othar epi pel agio predators in summer. In winter it concentrates 
in deeper layari. Warm bloodad predators concentrate on auphauaida whioh make up half of tha biomaaa 
of aooplankton and whioh ara characterised ty thair longevity, thair large sise and thair tendency to 
form patches in summer in tha uppermost faw metres. 

A striking feature ia tha absence of information on consumers of tha smaller aooplankton. 
Copapoda make up a large part of this community, but thara ara no observations on tha occurrence 
of quantities of pal agio fish auoh aa barring or oapalin whioh occur in Arotio and aub^Arotio watara. 
Thia may be due to tha abaanoa of suitable spawning areas 9 and tha aquivalant ecological niohe ia 
occupied tjy squids, or other animals too active to be caught ty moat scientific equipment. Thaaa 
may form a large raaouroa. (Tha benthos forma a daad and for much of tha food chain whioh bind* a 
oonaidarabla part of tha organic matter for a long time).' With tha depletion of tha large atooka of 
baleen whales part of tha sooplankton became also a "daad and 1 ' whioh, however, might be exploited ty 
man in a diraot way. 

6. FISH STOCKS AHD FISHERIES 

6.1 Statiatioa 

Thara ia virtually no commercial fishing for fish and squid in tha Antarctic Ocean. Some records 
ara available from scientific trials, particularly for taxonomio and physiological purposes. Statistics 
on whaling ara fairly accurate and detailed, collected ty tba International Whaling Commission (IWC). 

6.2 Whaling 

Tha history of Antarctic whaling, ita riaa and decline, ia wall known. Tha details ara given in 
tha various reports of tha International Whaling Commission, especially tha reports of tha special 
Committee of Three (later Four) Scientists (IWC 1964). Antarctic pelagic whaling developed after 
tha first world war. Catches of blue whales reached a paak of 29,400 animals in tha Antarctic daring 
tha 1930/1 aaaaon, and since than steadily decreased until blua whales ware given complete protection 
by IWC in 1964. Catohaa of fin whales reached an inter-war paak of 28,000 animals in 1937/8. Tha 
post-war catches wara halo, under regulation, to a rathar steady level of around 25,000 animals until 
1961/2 until declining atooka, and belated measures to reduce tha quota, caused a rapid decline to 
3,000 animals in 1968/9. Aa tha fin whales declined, tha expeditions turned more to aai whales; 
catches of thaaa wara nearly 20,000 animals in 1964/5, but with a reduced quota only 5,770 in 1968/9* 
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Catches of humpback whales have been spasmodic, occasionally reaching over 2,000 animals in the 
AntarotiOt though they have bean protected since 1963* Unlike the other large baleen whales, which 
are only very lightly exploited during the southern winter, when they migrate, outside the Antarctic, 
appreciable numbers of humpback whales from the Antarctic stocks have been caught along the coasts of 
Africa and Australasia. 

The statistical information on whaling generally gives the catches only in terms of numbers of 
animals, though the weight of the various products is known. Data on the weight of individual animals 
have been given ty Crisp (1962). These were as follows: 

Blue whale 84 tons 
Pin whale 50 tons 
Humpback whale 33 tons 
Sei whale 22 tons 

From these figures the whale catches, in terms of weight, may be estimated to have reached a peak 
of 2.5 million tons in 1930/1, to have been fairly steady at a little under 1*5 million tons in the 
1950s, sad been about 300,000 tons in 1968/9. 

The present stocks, especially of blue and humpback whales, are very heavily depleted, and would 
require several decades to recover to a level at which each could give its maximum sustainable yield. 
These yields, and corresponding stock sices, have been estimated to be as follows (from IWC 1964, and 
reoent annual reports). 





Stock at 


optimum 


Annual yield 




number 


tons x 10~ 6 


number tons x 10* 


Blue whales 


100-125tOOO 


8-10 


6,000 0.5 


Pin whales 


150-200,000 


7-10 


20,000 1.0 


Sei whales 


60*70,000 


1-3-1.5 


4,500-5,600 0.1 


Humpback whales 


tens of thousands (0.5) 


oa 1,000 0.03 



6.3 Pishes 

According to Holdgate, 60 pelagic species of fish and 90 bent hie species have been recorded. 
These figures probably include findings in sub-Antarctic waters. Little is known about the abundance 
of these fish. In the rich area of the Pacific sector of the convergence, Hopkins (personal communica- 
tion) found average dry weights of 0.5 g/* mainly of myotophids. 

In the area of South Shetland and South Orkney Islands pelagic gadoids (Mioromesistius austral is) 
and Patsgonian hake (Merluooius hubbsi) migrate in summer from the North feeding on krill (Mikheev 



1965). Soviet mid-water trawling yielded up to 5*10 tons per 2 hours' haul; myotophids are abundant 
south of the convergence. Benthic fish were not found by the Soviet vessels in commercial quantities, 
but there might be exploitable stocks of limited sice around the island where Nototbeniidae and 
Chaeniohthyidae are the prominent families. As spawning mites for bottom spawners are limited in 
area in the Antarctic region bottom spawning stocks are limited in their abundance. This is in 
contrast to the Arctic and sub-Arctic region where bottom spawning herring and oapelin are the most 
important pelagio fish{ Olsen (1954) and unpublished data) has measured the increment of about 
0*6 kg/year in No tat hens rossii marmorata off South Georgia in 1950/1* The growth of these fish 

compares well with that of many Arctic and sub-Arctic food fish, e.g. gadoids. 

/ 

In other areas, the distribution and abundance of fish eggs and larvae have been used to provide 
a first rough estimate of the distribution and abundance of commercial sifted fish. Mo extensive 
published material appear* to exist about fish eggs and larvae in the Antarctic, but Hart (personal 
communication) states that fish larvae were rare in very extensive plankton hauls made by the Discovery 
investigations. This suggests that the fish resources, in the Antarctic as a whole, are comparatively 
mall. 



There are indications from the stomachs of elephant seals, sperm whales, and penguins that squid 
are a major element of the pelagio fauna in the Antarctic. 



- ANTARCTIC 

FIRS/T97 203 

Par more information ii needed for even a rough estimate of the fish potentials of the region. 
It seems particularly important to look into possible resources of the area of the Antarctic Convergence 
and on the Kerguelen Shelf. This area is relatively productive and provides tolerable temperature 
conditions. 

Crabeater seals provide a considerable resource which is virtually untapped, though an exploratory 
voyage by a Norwegian M*ler for skins had promising results. Rough estimates of stook sice are 
2 x 10 tons (5-8 x 10 seals of 300 kg each); the maximum sustainable yield will presumably not 
exceed 10 of the virgin stook. Exploitation of the bird population and of Weddell seals would not 
be a large source of protein. 

7. COMPARISON OP ESTIMATES OP THE MAXIMUM SUSTAINABLE YIELD WITH ECOLOGICAL POTENTIAL AND PRESENT 
FISHERIES 

The total primary production of the Antarctic Ocean is of the order of 1-3 x 10 9 tons carbon 
20-60 x 10? tons wet weight f but under the assumption that krill production amounts to 150 x 10 tons 
and that the other herbivores are similarly productive annually production of planktonio herbivores 
is only 300 x 10. This implies a very low ecological efficiency (0.5-1,5$) between the primary and 
secondary production. Possibly, as noted in section 4, the secondary production is under-estimated. 
Also although gracing is locally very intensive, a considerable part of the phytoplankton may not be 
used by herbivores. Compared with these figures of primary and secondary production, exploitation 
by man is at present very poor (oa 500,000 tons whales). The relatively simple food chain would 
permit a much higher exploitation. 

The biggest resource is the krill. A sustained yield of tens of millions of tons is clearly 
possible, and the potential may be very much greater. Under proper management about 2 million tons 
of whales and seals could be harvested. The promising fish resources appear limited to the arc of 
islands round the Scotia Sea; catch rates might be high, but the total area is not very large. Squid 
resources might well be large. 

8. REQUIREMENTS POR IMPROVED ESTIMATES 

Apart from those concerning whales, which are reasonably accurate, all the estimates of potential 
resources in this review are highly speculative. The main reason is that, again with the exception of 
whales, the resources are unexploited. The statistical and other data normally available from established 
fisheries are absent, nor is it known what would be the reaction of exploitation of important resources 
such as krill. Reliable quantitative estimates of the Antarctic resources (closer than say within a 
factor of perhaps two to five), will probably not be obtainable until exploitation of them has started 
on a significant scale. Some improvements in the present very rough estimates could, however, be 
obtained earlier, though even these are sufficient to show the potential value of the Antarctic seas. 

The present data on primary production are good enough to show that the Antarctic is highly 
productive. Improved estimates of total primary production would probably not, with the present 
great uncertainty concerning the quantitative relations between primary, secondary and later production 
lead to greatly improved quantitative estimates of the resources (the factors of 10)1 or 1J# often used 
are little more than guesses). Improved data on the variation of primary production in space and time 
would be useful in predicting the likely distribution of the resources, and improving the extrapolations 
from the South Atlantic sector when most observations have been taken. 

Quantitative data on the sooplankton are scarce, and further data would certainly improve the 
estimates. Por instance, the estimates used of the relative quantity of krill and other sooplankton 
could certainly be improved, as oould the estimates of standing crop of krill, though the choice of 
suitable gear and the appropriate sampling patterns to take into account the very uneven distribution 
raise larger problems. 

The present knowledge of the qualitative distribution of the potential resources oould certainly 
be greatly improved even before quantitative measures are possible. The fish ( or at least bottom fish) 
resources may be limited to the Scotia Sea area, but other resources occur all round the Antarctic, 
though most records are in the Atlantic sector. The krill distribution may be reasonably well covered 
ty normal collection of plankton, plus direct observations of surface swarms, but other possibly large 
resources, e.g. squid, may need special techniques for adequate study of their distribution. 
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INTRODUCTION 

Previous chapters of ihfs report have reviewed the resources over and adjoining the continen- 
tal shelves of oh major ooean area. Since the oceanic resources are similar (even down often to 
the species level) in all ooeane, and the data are inadequate for many parts for separate analyais, 
11 the open oceans of the world are treated together here. The exception ie the Antarctic, which 
in dealt with separately. 

The area covered may be defined by Bub traction * i.e. excluding the ehelvea and upper part 
of the continental alopea, the Arctic Ocean (whoee production ie negligible) and the Antarctic 
aouth of the Antarctic Convergence - i.e. it ie about 80-85J& of the total area of the ooeana, 
(290-310 x 106 k2). 

1 . HYDROGRAPHY 

Since the areaa con aide red oover all the major current ayatema of the world f it ie not 
possible to give an adequate summary here, and the reader ia directed to one of the general, 
ocaanographio taxt book*. Mention ia made in other sections, of certain featurea important 
to the discussion, particularly to the upwelling area a and the equatorial current*. 

2. PRIMARY AND SECONDARY PRODUCTION 

The primary production in the open ooeane ia highly variable, while observation! are generally 
few and scattered (for example, virtually none in the Southeast Paoifio other than near South 
America). Thus eatimatee of total production and of ita distribution muat for the present be 
rather rough (Steemann Nielsen 1954;* Steeraann Nielsen and Jensen (1957) nada one of the first 
estimates of the total world productions; more recently, Xoblente-Miehke (1965) has made a more 
detailed study of the Pacific, summarising all data available to her. She also derived a 
relation between the rate of production per unit volume at the surface to production throughout 
the water column per unit area. Over much of the warmer parta of the open ocean production is 
very low, though becauee of the great areaa concerned the total production ia high. There are, 
however, two main regions of higher production - the upwelling areas off the western margins of 
the continents and in the equatorial current systems (most marked in the Pacific). The north- 
western part of the Indian Ocean also appears to hmve above average production* The data in 
the latter area, mainly collected during the Indian Ocean expedition, have been summarised by 
Nooeter eft al. (1967). Though data re very sparse in summer (5 observations in June-July- 
August), production seems high in autumn but low in spring. Gushing (1969) &* reviewed the 
data for the ma.jor upwelling areaa (equatorial sone and western continental boundaries). From the 
data of Xoblents-Mishke and Gushing, the total production of various areas in the Pacific can be sst 
out ss followst 

P1 - Estimated total primary production in the Paoifio 



Author 


Region 


Area 


(km2) 


Mean produo. 
mgC/mVday 


Total produc. 
tone C 


Xoblents4lishke 


1. Tropical Ooeana 


90 x 


10^ 


76 


2.49 x 10? 


(Table 4) 












i< 


2. TroJ4oal/temperature 


33 x 


10 6 


135 


1.64 x 10 9 




transition and periphery of 












equatorial divergence 













3 Temperate oceanic f equatorial 


31 x 


10 


250 


2.85 x 10 9 




divergence 










ii 


4. + 4a. Temperate coastal | 


10 x 


10 6 


288 


1.10 x 10 ? 


convergence off Central America 








ii 


5. Neritio 


0.24 x 


10* 


650 


0.058 x 10* 




Total Paoifio 


164 x 


10* 





8.14 x 10? 


Gushing 


Coastal upwelling 


2.2 x 


10* 


200-1,000 


0.24 x 10? 


(Table 1) 


(California-Peru etc.) 










it 


Squatorial upwelling 


26 x 


10* 


150 


1.75 x 10? 
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The table show* fair degree of agreement, but Koblents-ttishkc's tabulation groups together 
areas with quite different fish resources. For the purposes of this report, it will be assumed 
that the temperate oceanic region and the equatorial divergence account for one third and two 
thirds respectively of Koblents-Mishke's group 3 (this gives a rather smaller area of high produc- 
tion along the Bquator than Gushing, though the difference may be only a matter of definition) 
that her group 4 can be divided into 22% sub-tropical coastal upwellings (California, Peru, etc., 
to egree with Gushing), end the other ity equally between the temperate and sub-arctic coastal 
waters (Japan, Oulf of Alaska, British Columbia), and the tropical water off Central America. 
This gives the following regions, with approximate areas (in millions of km 2 ) and estimated 
total primary production including the production in the adjacent ssas (Bering, Okhotsk, Japan, 
Yellow and China Seas) taken as 150 gC/ar/y"?* 



(a) neritio 

(b) sub-tropical coastal upwelling 

(0) temperate and sub-arctic coastal 
waters 

(d) waters off Central America 

(e) equatorial upwelling 

(f ) temperate oceanic waters 

(g) transitional oceanic waters 
(h) tropical oceanic watere 

(1) bounding seas 
Total Pacific 



0.24 x 10 6 km 2 
2.2 x 10 6 km 2 



3.9 



10 6 km 2 



3.9 x 10 6 km 2 



20 x 10 



km 2 
2 



10 x 10" km 

33 x 10 6 km 2 

90 x 10 6 km 2 

15 x 10 6 km 2 

180 x 10 6 km 2 



0.06 x 10? tona_C 

0.24 x 10? tons C 

0.44 x 10? tons C 

0.44 x 1C 9 tons C 

1.90 x 10 9 tons C 

0.95 x 10 9 tons C 

1.64 x 10 9 tons C 

2.43 x 10? tons C 

2.25 x 10? tons C 

10.39 x 10 9 tons C 



Of these, (a), (b), (c) and (i) are discussed in the regional chapter and the present chap- 
ter it only concerned with the reet. These latter have a combined production of 6.4 x 10? tons C, 
or over 905* of the total excluding the production in the adjacent seas - Bering Sea, Japan Sea, 
South China Sea Java Bea. etc. 

Similar convenient compilations of the detailed studies made in the Atlantic or Indian Ocean 
are not available, but probably the same general conclusion holds true - the highest production 
per unit area occurs near the coaets, but because of the difference in extent, the bulk of the 
total production occurs in the oceanic regions. 

3. ZOOPUNKTON 

The distribution of the standing crop of sooplankton, as weight or wet volume per unit 
volume sampled, has been summarised for the Pacific by Reid (1962; and for the world by Bogorov 
ft al. (1968). This distribution is very similar to that of primary production, with greatest 
density in coastal waters, in the equatorial sone of the Central Pacific, and the northern parts 
of the Pacific and Atlantic Oceans. The presentation probably under-eetimatee the relative 
production per unit surface area in the warmer waters, and in the ocean generally, first 
becauae the rates of growth, mortality, etc. are likely to be higher in warmer water (giving a 
higher ratio of production to standing crop) and second beoauae the sooplankton extends to a 
greater depth in the open oceans (giving a greater density per unit surface area for a given 
volume density). 

With this reservation, it is noticeable that the sooplankton density en all the great 
fishing grounds (Northeast and Northwest Atlantic, round Japan, off Peru, etc.) is high 
(>100 Big/or* according to Bogorov al f ) or very high (>200 mg/m3) The latter density is only 
reached eleewhere in the open oceans in narrow strips of the Pacific equatorial system, and 
over 100 mg/m3 only occurs in limited areas (equatorial bands of all oceans), in the north- 
western Arabian Sea, in the northern Pacific and Atlantic, and in the Antarctic. 

Kore detailed studies of certain areas show that there can be quite an abrupt change 
between areas of high and low sooplankton. For instance the SHELLBACK and EASTROPAC expeditions 
and other data in the eastern tropical Pacific found very high volumes (over 500 co wet volume/ 
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1,000 m3) off Ecuador towards the Oalapagoe Islands, and nearly aa high along the ooaata from 
Coata Rica to aouthera Mexico, but very low values offshore from Baja California (Holmes at al. 
1957, Blackburn 1966). 

Aa pointed out by Reid (1962), precise comparison of tooplankton data from a number of 
aouroaa is difficult becauae of differenoea in the neta ueed and in their catching efficienciea. 
Most of the data he reviewed were collected with the CCOFI-POFI net; this, and similar nets, 
have a relatively large mesh (0.25 - 0,55 aperture), and thua mias some of the smaller animals 
which csn psss through the meshes. Also some of the more sctive plank tonic animals may eacape 
from the front of the not. With thia reservation, Reid eatimated the total standing crop of the 
larger aooplankton in the upper 150 m of the Pacific aa 10? tone wet weight. Thia will be J. 
times the annual production, where T is the mean life-span of the animal a* T 

Cuahing (1969) used, in a aimilar calculation, the mean generation time - the time from 
egg-laying to reaching the adult atage - of copepoda, deduced from data of Marshall and Orr (1955) 
and McLaren (1965)* He eatimated the duration aa between 30 and 60 days, according to temperature, 
giving generally from 3 to 6 generations, depending on temperature, and the duration of the up- 
welling aeaaoii (assuming no growth outside this seaaon). The generation time will be an upper 
limit to T, ao that the annual production of copepoda in the warmer parts of the world is probably 
from 5 to 10 times the average standing crop. Though s major element of the aooplankton in moat 
areas, copepoda are not the only small aooplankton animal a j in the eastern tropical Pacific, they 
make up only 20$ of the total sooplankton (Maia and Jow 1960). If the other animals - tunica tee, 
chaetnognaths, euphauaida, etc. - have the same average life-span, then the annual production of 
email aooplankton in the Pacific, excluding adjacent seas, ia around 5-10 x 109 tone wet weight 
Taking carbon aa 10$ of the wet weight, thia is some 7-12$ of the primary production, in fair 
agreement if the aooplankton ia herbivorous and the ratio of the production at successive trophic 
levels is around the commonly assumed valuea of 10-15$. However, the smaller sooplankton may have 
been under- re preeen ted in the net aamplea, while some of the animals are wholly or partly carni- 
vorous, ao the agreement may be fortuitous. 

4. THE FISHERIES 

At present only the Isrger and more valuable animals (whalea, tuna, aalmon) are exploited 
at more than a relatively short diatsnoe from the continental shelves. Though salmon, particularly 
in the Pacific, feed on the open oceana, and make moat of their growth there, the most critical 
period of their life ia in the rivers, snd the salmon resources are, therefore, discussed in the 
appropriate coaatal eection. 

4*1 Whalea and dolphins 

The larger baleen whalea (blue, fin, humpback and sei), which are largely sooplankton eaters, 
are mainly exploited in the Antarctic, and in the North Pacific, and a few are caught in the 
North Atlantic (aee Appendix Table P1). The story of the depletion of whale stocks in the 
Antarctic is well known, and no great inoreaae in catches from the present (oa 3,500 BWU) can 
be expected for a long period. These 3,500 BWU produce sbout 60,000 tons of oil, 130,000 tons 
of meat, snd 35,000 tons of meal and other by-products. Under. proper management the Antarctic 
could probably produce about 17,000 BWU from all species combined, or around 850,000 tone of 
varioua produota, equivalent to perhaps 1.5 million tone live weight. 

The situation 'in the North Pacific ia not quite ao gloomy; the blue whales have been very 
aerioualy depleted, and have had to be given complete protection; the fin and aei whale atocka 
are probably reapectively rather below, and slightly above, the levela giving the greateat 
sustained yields, which are about 1 - 2,000 whales of each species. Small quantitiea of the 
larger baleen whalea jstan alao be taken in the North Atlantic, though the right whalea and probably 
alao the blue and humpback whalea have not yet recovered from earlier over-exploitation; alao 
those in the Arabian Sea may be aeparate atocka. Altogether, the larger baleen whalea outaide 
the Antarctic might provide, if properly managed, around 1,500 BWU, or 140,000 tona live weight. 

Sperm whalea which feed largely on the bigger squids, are found throughout the oceana, though 
the young whales and females are confined to the warmer waters (roughly between 45N and 40S). 

There ia some separation of etockej for instance three distinct breeding groups have been 
distinguished in the North Pacific, though the larger males from these groups mix together in 
the higher Istitudes. 
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Three distinct fisheries occur - from land statione (including Korea, Japan, Chile, Peru, 
Australia tad South Africa)} pelagic whaling in high latitudes; and pelagic whaling elsewhere. 
The atoond of thaaa ia directed mainly for balaan whalea, ana aperm whalaa ara takan inoidanttllj 
or outaide the balaan aaaaonf tha oatohaa of sperm whalaa hava not baan vary high f and ara alnoat 
entirely malee* Pelagic whaling by factory ehipa, outaida tha Antarctic and tha northarn lorth 
Pacific, which ia tha modern auooeaacr of tha old lew England open boat whalingy oooura only irre- 
gularly, uaually by vaaaela returning from tha Antarctic* Gatchea can be high, often of email 
nimala of both sexes. 

Ho preoiaa aaaaaamant can be made aa yet (INC/FAQ, 1969)* Bone atooka exploited ty local 
ahoro-baaod oparationa hava certainly bean over-exploited. Probably the average yield in the 
laat few yeara - ca 25,000 animal a - ia around, or possibly even above, the amount that can be 
auatained indefinitely. This ia equivalent to a live weight of around half a million tone, and 
a production (at 5 tone per animal; of 125,000 tone oi oil* 



oited - minke whalea (B^laanootsra acutoroatrata) 
(fllobioeBhala ma^afnaj in the garoe I aland a and 

orca)i and bottls-noss whalea * 

enae amount to no more than 5-10.000 whalaa annual! 



A number of medium eiaed whalea are exploited - minke 
off Norway, and a few off Japan; pilot whalea (fllcftioec 

Newfoundland | a few killer whalea (6rsi _^ 

Exploitation is very localised, and total oatcKeT amount to no more than 5-10,000 whalaa annually* 
Certainly the world oatch could be inoreaaed ssvaral-fold by extending exploitation to other 
regions, but equally certainly the total production will never be very large - even a ten-fold 
inoroaae (which might be an upper limit) would yield leaa than half a million tone* 



Finally, among marina mammal a, the email nr oataoeana - porpoiaea and dolphina - offer a 
potential aouroe of meat* They ar undoubtedly wideapread, but are both oonapiououa 9 and attracted 
to ahipa and therefore poaaibly not aa numeroua aa tha 'frequency of obaervationa might auggeat* 
Aa for whalaa tha euatainable yield will only be a email fraction of the atanding crop* Alao 
tha animale ara all aotive predatora on fair aiaad fiah, and thua at tha top of tha eoologioal 
pyramid* Thua the potential yield may not be vezy large (perhape half a million tona might again 
be a reaaonable upper limit), and in praotioe large-scale harvesting may well not be introduced, 
ainoe it could not be done without eome cruelty, and thua ia likely to be atrongly oppoaed by thi 
general public* 

4*2 Tujflaf 

The major tuna fiaheriea (aee Appendix Table P2) are baaed on 6 main apeciea - albaoora 
(Thunnue alalunfa). bigeya (J* otfssuq). bluefin (j. thynnua). e out horn bluefin ( maq 



yellowfin (T. albaoarea). and akipjaok (Katauwonua pelamia)* In addition bonito (fifilii app.) 
aupport local fiaheriea, and the ca tehee of the longline tuna veaaela include important quantities 
of billfiah (Biatiophoridaa - marline, etc*)* Other amaller tunaa and related apeoiea which 
are not at preaent caught in quantity include the frigate mackerel (Aiilil ItUULUA), little tunaa 
(Euthvnmia app ) f and the blaokfin (J. atlantioua and 1* tqiMfollUCollatte and Oibba 1963)* 

Tunaa are active, cosmopolitan, predatory apeciea (for ocmprehenaive reviews aee particularly 
the papera in the report of the World Scientific Meeting on the Biology of Tunaa and related 
Speoioe* FAO (1963)* Some (albaoore, bluefin) are known to carry out trana-pocanio 
migrations. The albaoora in the lorth Paoifio ia probably a. single .stock with tha younger' 
fiah being caught in cooler North Pacific waters, and the older fiah occurring in Horth Equatorial 
Current where they spawn (Otau and Uohida 1963, Suda 1962)* The south Pacific albaoore are 
probably aeparate, and tha asms separation probably alao forma a northern and southern stock in 
each ocean. The degree of separation if any, between tha atooka in the southern hemisphere ia 
unknown, but movement oooura round Auatralia (Shomura ej, aJLj, 196?)* 



The more tropical yellowfiah doea not seem to move ao much, and within each ocean there are 
probably diatinot atooka within ita more or less continuous equatorial distribution (e.g. Joseph 
1966). 



The tuna fiaheriea can be conveniently divided into two groupe - the longline fiaheriea of 
Japan (and now alao tha Republic of Korea and China (Taiwan)), which have apread to all areas of the 
world (Suda and Sehaefer 1969)1 and the more local surface fiaheriea on tha schooling fiah uaing 
live-bait, puree aeine, etc* The longline fishery takea mainly large fiah, while the surface 
fiaheriea take mainly the amaller fiah - though tha modem purse aeinea take appreciably bigger fiah 
than the live-bait vassals, and where surface oatohaa are high tha numbers of bigger fiah caught 
may be greater than the numbers taken in the longline fiahariea in the same area. 
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4*3 Stock Assessment 

Tha boat atudied croup of tuna art the yallowfia in tho eastern tropical Pacific (Sohaafer 1957, 
19*7 nd reporta of tho IATTC). Though tharo ara some doubta concerning tha praoiaa yield that 
can ha taken, and of tha oorraaponding fiahing effort, thara la no doubt that tha atook ia oloaa 
to bainf full/ utiliaad and that tha auatainable yield ia about 100 t OOO metric toaa. Very recently 
oatohoa hava been abovo thia laval, poaaibly dua to an expansion weatward onto more or laaa 
aaparata atooka* 

Tha atata of tha atooka in tha itlantio and Indian Ooaana haa baan moat recently reviewed by 
tha FAO Workinf Oooup Naatinc in Miaai (FAO 1968). Thia oonoludad that no furthar expansion of 
lonfUna oatohaa of yallowfin, bluofin or albaoora waa poaaible t though bigeye oatehaa could ba 
expanded alightly. A aimilar eoncluaion waa raaohad by Rotachild and Uohida 19*66) regarding the long- 
lino fishery for albaoora f yellowfin and bigeye in tha Pacific. Silliman (1966) estimated tha 
bigeyc potantial in tha Paoifio aa only 78,000 tona, though tha catch atatia tioa auggaat thia 
ay ha an under-eatimate. Tha potantial to tha longlina fiahary of tha various apaoiaa haa baan 
aummariaad in Tabla P2 (aaauning no ohanga in tha praaant - 1960-5 - pattarn of aurfaoa fiahing)* 

Tabla P2 - Satimatad potantial annual oatohaa of tuna by longlining (*000 tona) 



Spooioa 


Paoifio 


Indian Ooaan 


Atlantic 


Tallovfin 


60 


30 


40 


Bigoya 


80 


15 


25-30 


Albaoora 


50+ 


15 


40 


Bluafin 


M 


35-40(h) 


15() 


TOTAL 


190+ 


95-100 


120-125 


Width (dagraa 


a along Apia tor) 150 


55 


60 


Tona/dagraa 


1,200+ 


1,800 


2,000 



- (a) Inoludaa eatchaa of largo tuna in tha coaatal, trap, fiahary of Naditarranaan 
oountriaa 

(b) Paoifio inoludad with Indian Ooaan ( out hem bluafin) 

For oonpariaon tha width of aach ooaan 9 aa vaaaurad by tha nuabar of dagraaa along tha 
Equator, ia alao givan in tha tabla. Thara ia a fair oonaiatanoy batwoan tha aiaa of tha oeaana t 
and tha total longlina potantial (about 1,200 - 2,000 tona par dagraa), giving aona aupport to tha 
aaaaaaaanta, though tha aquatorial Paoifio haa a rather highar primary production, and ao might 
ba azpaotad to hava a highar yiald of tuna* 

Tha aatimation of total yiald amat taka into account tha aurfaoa fiahariaa on amallar 
fiah* for tha Paoifio atooka a datailad diaouaaion of tha poaaibilitiaa of inoraaaing tha yialda 
by adjuating tha aiaa at firat capture haa baan givan by Rothschild and Uohida(1968) They conclude 
that tha data, including information on atook aaparation, were not good enough for firm eoncluaiona, 
but probably more fiahing on tha medium aiaad fiah could inoraaaa tha auatainabla yiald. Tha 
Miami Working Group concluded for Atlantic yallowfin, on tha baaia of rather inadao^iata data, 
that tha optimum aiaa at firat capture, even at high fiahing rataa, waa laaa than tha aiaa of 
recruitment to tha longlina fiahary and that tha praaanoa of a aurfaoa fiahery would increase 
tha total yiald, but daoraaaa tha yiald of tha longlina fiahary. 

Tha figuraa in Tabla P2 ahould therefore, to giva estimates of total potential, ba adjuated 
(a) to inoraaaa tha total by tha catch of tha surface fiahariaa aziating in 1960-5, whoaa affaota 
on tha longlina fiahariaa are already included; and (b) to taka into account tha affact on the 

* Inter-American Tropical Tuna Commiaaion 
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ntt total catch of nan aurfaoa fiahariaa, or tha intanaifi cation of preaent one a. (a) praaanta 
faw problemei tha only aubatantial aurfaoa fiahariaa for tha larger epeciee of tuna at tha tima 
were tha aurfaoa yellowfin fiahery (mainly by tha USA) in tha Saat Pacific (ca 80,000 metric 
tona/yaar) 9 US and Japanaaa fiahing for albaoore in tha North Pacific (ca 50,000 tona), French and 
Spaniah albacora (40,000 tona) and varioua oountriaa fiahing for bluafin in tha Northaaat Atlantic 
and Mediterranean (ca 25 1 000 tona). Tha fishery for yallovfin and big eye off tropical waat Africa 
waa Juat developing, but probably not auffioiant to affect tha longlina catchea significantly in 
tha period conaidarad. 

Of thaaa aurfaoa fiahariaa, only for tha Baat Pacific yallovfin ia it believed that no great 
inoreaae in groaa catch ia poaaible. Tha Miami Working Group made aoma rough aatinataa of tha 
affact of fiahing on tha Atlantic yallowfin atooka, and concluded that tha atock waa moderately 
heavily fiahad t but that a moderate incraaaa in fiahing oould give aoma increase in yield* Tha 
atatiatioa examined covered tha period up to 1966, during which tha effort had baan ataadily 
inoraaaing. Tha avaraga aurface catch in tha laat thraa yaara (1964-6) waa 30,000 tonaj parhapa 
this might be increaeed to aa much aa 50,000 tona by a doubling of effort. This would oauaa 
a dacreaae in tha longlina catch; tha Miami report auggeated that a aurface catch of 30,000 
tona would giva a nat addition to tha total catch of probably 5-10,000 tona (more extreme Units 
would auggaat a loaa or an inoreaae of 15,000 tona). Tha actual figure would depend on tha sixes 
of fiah caught in tha aurface fiahery; if tha aiaa of firat capture ia not allowed to become too 
amall tha aurfaoa fiahery could incraaaa tha total oatoh ty 10,000 tons above tha 40,000 tona in 
tha aatabliahad (1958-64) long line fishery. The potential totala yallowfin catohaa from tha 
Atlantic may therefore be estimated at 50,000 tona plua alao tha surf so e catches (oa 10,000 tona) 
already existing in 1955-62 (whioh would have affected tha longlina os tehee) a total of 
60,000 tona. 

Tha atudiaa on tha Atlantic yallowfin ahowad ol early that tha long-term affact of tha aurfaoa 
fiahariaa depended critically on tha growth and natural mortality of tha amallar fiah, and tha 
actual aiaea taken in the aurfaoa fiahariaa. Tha former are not at all wall known* Although 
tha more probable rates for tha Atlantic yallowfin auggeated a gain from increased aurfaoa fiahing, 
poaaibla, if improbable, combine ti one of growth and natural mortality would indicate a loss. 

Tha possibilities of inoraaaing tha auatainad cs tehee from increaaad aurfaoa fiahing ara 
avan more uncertain in other araaa, and for other apaciea. Hayaahi (1966) ahowad that, for ona 
combination of mortality and growth rataa, tha graataat catch of aoutharn bluafin waa taken at an 
aga of firat capture of 7 yaara. It ia not faaaibla to axamina hare all tha posaibilities. 

Ona assumption that can be made ia that the potential gain from increased aurfaca fiahing 
ia, for all apaoiaa, tha same aa that for tha Atlantic yallowfin* Tha raaulting aatimataa are 
set out in Table P3* Thia auggaata a potential increase of a little over 100,000 tona. Tha true 
value probably liaa between aero - and 200,000 tona, but much more invaatigation ia required on 
the population dynamic a of each individual stock* 

Table P3 - Estimated total potential of large tuna apeciea, assuming a moderate increaaa poaaible 
from inoreaaed aurfaoa fiahing 





Pacific 


Indian Ocean 


Atlantic 


Spaciaa 


(A) 


(B) 


(c) 


Total 


(A) (B) 


(C) 


Total 


(A) 


(B) 


(C) 


Total 


Yallowfin 


60 


70 


15(b) 


145 


30 


10 


40 


40 


10 


10 


60 


fiigaya 


80 


- 


20 


100 


15 


5 


20 


25-30 


me" 


5 


30-35 


Albaoora 


50+ 


50 


10 


110 


15 


5 


20 


40 


40 


10 


90 


Bluafin 


30(a) 


7 


8 


45 


25 


5 


30 


15 


25 


5(o) 45 


TOTAL 






400 






110 








225 



Hotfa - A - Lorraine potential from table P2 

- Annual oatchaa in axiating (pre 1965) aurfaca fiahariaa 

C Vat auatainabla addition to total catch from new or increased aurfaca fishery 

(a)* Rough estimate, including unknown potential of Southeast Pacific 

(b)- 



Waatem Pacific only 
South Atlantic 
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The figures in the table are inevitably rough* and in some cases, e.g. for bigcye in the 
Pacific it ia not known whether intense fiahing on the medium aiaa fiah ia praotioabla t let alona 
what the effect of auch a fishery on the total yield might be* They have been included to 
complete the picture of the potential of theae apeciea of fiah, and are probably aa accurate ae 
can be obtained at present. 

4*4 Billfiah 

Ho detailed aaaeaamenta have been made of the atate of the atocka of billfiehea. The catches 
have declined since a peak in 1965 f and it ia probable that, like the larger tunaa, they are about 
fully exploited, and that the recent o a to he a, ca 75,000 tone, are aa much aa can be harvested* 

45 Smaller tuna: Skip.lajsk 

Though distributed widely on all tropical waters, and apparently common over much of its 
distribution, large oa tehee of ekipjaok are taken in only two areaa, aouthweat of Japan, by 
Japanese pole and line veasels, and on the eastern tropical Pacific, mainly Iqr US purse seiners 
(Waldron 196*3, Sette and Rothaehild 1966)* Smaller fiaheriea occur around Hawaii and. elsewhere. 

The population dynamic a of the Baat Pacific skipjack have been reviewed ty Jcaeph and 
Calkins (1969). The population structure of the Pacific skipjack is not known, though from 
the distribution of larvae (Matsumoto 1966) and tag returna it ia fairly certain that some if 
not all the skipjack fiahed on the Eaat Pacific migrate into the Central Pacific to a pawn. 
The Central Pacific fiah may coneiat of mixture* of fiah from the Eaat Pacific, and of local, 
and partly Weat Pacific fiah. The lose rate of fiah from the Saat Pacific fiaheriea therefore 
includea a aubatantial elemeny of emigration, as well aa fiahing and natural mortalities (plus 
tag shedding in the oaae of tagged fiah). 

Joaeph and Calkins analysed the state of the atocka both by correlating catch per unit effort 
(c.p.u.e)and effort, and by estimating mortality and growth rates. They concluded that there waa 
no correlation observable for either the southern or nor them, areaa (though Broadhead and 
Barrett 1964, had found a suggestion for reduced e.p.u.e. with increasing effort in the southern 
area). However there are certainly big fluctuations in the availability of skipjack for non- 
fishery causes which may obacure any correlation. Alao skipjack is only the second choice species 
(after yellowfin) for ibost of the vessels so that a poaitive correlation might be expected - 
skipjack effort being high when skipjack are particularly abundant (or available). 

The lack of any measurable decrease in average o.p.u.e. with increasing effort ia inconsis- 
tent with the analyais baaed on mortality and growth rates (fishing mortality being derived mainly 
from tagging)* This latter suggests that fishing is now sufficiently intense for the possible 
increase in yield per recruit to be only from 10> to a little over 100$ above the preaent, 
depending on the growth, and the area of fiahing. However, even if the maximum catch is being* 
approached, and the average c.p.u.e. ia no more than half what it would be with no fiahing, the 
dominant faotora in determining fiahing auoceaa in any one particular aeaaon remain environmental. 

Joaeph and Calkins remark that the two analyses are not strictly comparable since one is cf 
total yield, and the other of yield per recruit. Few analyses have yet been made of stock- 
recruit data for tuna. Schaefer (196?) has deduced what the shape of the a took/recruitment curve 
for yellowfin must be if both the o.p.u.e. /effort and the yield per recruit analyses are valid* 
If reduced adult atock doea result in reduced recruitment, then the yield per recruit analyses will 
over-estimate the yield from high levels of fishing. Recently Davidoff (1969) has plotted stock 
againat recruitment for the last Pacific yellowfin. There is no statistically aignifioant 
relation but there ia a fair suggestion of increasing recruitment with decreasing stock at leaat 
over the observed range. 

Further increaaea in yield would certainly be possible if intenee fiahing were continued after 
the fiah leave the Bast Pacific. Estimates of the potential total yield of 225,000 tone, and 
140,000-1.19 million tone have been made ty Silliman (1966) and Rothschild (1965) reapectively. 
Rothaehild a higher figure ia baaed on a very ahort stay (2 months) in the Eaat Pacific, and is 
almost certainly too high. 

Pooling all the estimates suggests a figure of around a quarter of a million tone aa the 
total potential of the skipjack which pass through the Bast Pacific fishery. To this might 
be added an equal amount for the fiah apending their Juvenile life in the West Pacific. 

Thia eatimate, of around half a million tone, ia ef average annual catchea. Skipjack 
catches fluctuate greatly, and it ia not certain to what extent thia ia due to real changes in 
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took abundance (e.g. due to changing year-class strength) and how much to changes ia availability - 
tha fiah not moving into tha fishing area, or moving in, but behaving abnormally. Theee fluctuation* 
and an understanding of thair oauaaa ara important for tha commercial poaaibilitias of fur tha r 
davalopaant of tha skipjack resources. 

4*6 Bonito 

Tha only other tunaa (in tha widar aanaa) at praaant fiahad in quantity ara bonito (finflf spp.). 
Though tha fiah ara widespread, apaoialiaad bonito fiahing ia raatriota* to a few araaa - Paru and 
tha Mediterranean; fair quantitiaa ara alao takan around Japan and alao aubatantial quantities 
(estimated aa up to 30,000 tona) (Clarke and Soain 1969) by aporta fiahaman on tha Ufl west ooaat 
and smaller amount in othar araaa (Demir 1963, Kikawa fi ik, 1963). No full assessment haa baan 
mada for any of thaaa atooka. Tha fiahariaa ara oarriad out by a variety of rather primitive gaara 
(trap neta, baaoh aainaa, trammel nata, ato.), ao it ia probabla that aona sx pan si on of oatohaa ia 
poaaibla avan in tha heavily fiahad area. 

4.7 Qthar Pi ah 

Some othar apaoiaa, auoh aa aquida and aaury, oeour widely ovar tha open ooaan, and ara alao 
caught in quantitiaa. Tha praaant fiahariaa (a.g. off Japan) ara however oarriad on in ooaatal, 
and nsar-coastsi waters, and ara diaouaaad in tha appropriate araa ohaptara. 

5- OTH2R BSTIMATS8 OF POTSWTIAL 
5*1 Bffffd and larva at tunaa 

Tha information on tha distribution of agga and larval tuna haa baan aummariaad by Taba 
At fit (1963), for tha Pacific by Mat sumo to (1966), and for tha Atlantic by Hi chard a (1969). 
Problems of idantifi cation obscure any olaar picture of tha distribution of albaoora larvae, though 
they probably lia outaida tha oantral equatorial band, in which oceanic s sapling haa baan most 
intanaa. Larvae of bluafin and bigaya tuna ara rather scarce, but for othar apaeiaa tha distribu- 
tion ia quits olaar. 

Two species, skipjack and yallowfin, hava wida trans-oceanic diatribution of larvae within 
tha tropioa with, in tha Pacific, centres of abundance in tha ooaat around tha Philippines, and 
in tha centre round Hawaii. There ia alao an eastern centre of yellowfin larvae along the 
American coast* 

Of the smaller tunas, little tuna and bonito are common near the continental ooaata, including 
inaide the Mediterranean, but are not found in mid-ocean. Frigate mackerel are widely diatributed 
and in some areaa are the commonest larval soombroid. 

Except off Central America skipjack larvae are more abundant than yallowfin. The graphs of 
Matsumoto (1966) suggest ratioa of from 2:1 to 8s1 in the Central Pacific. Mat sumo to (1956) found 
59* skipjack and 22* yellowfin (plua 1* frigate mackerel, and other unidentified tuna larvae) south 
of Hawaii. Vakamura and Nataumoto (1965) found 64-63)1 skipjack, 3-11* yallowfin, 6-7* bigeye and 
2-14* frigate mackerel round the Marquesas. Ueyanagi (personal communication) found a ratio of 6i1 
of skipjack to yellowfin in larval catches in tha Atlantic. 

Total catches of the three main apeoiea in tha VQUAUVT surveys were 403 skipjack. 367 yallowfin 
and 96 bigeye, i.e. relatively fewer skipjack than found ty Ueyanagi. 

Since the fecundity (in terms of numbs re of agga par kg) and the early life history - growth 
and mortality of larvae - probably doea not differ too much between apeciea, the ratio of bi omasa 
of adult femalea and probably alao the ratio of potential yeilda, may, aa a first approximation, 
ao be taken aa aimilar to the ratio of larval abundance aet out above* Thia would auggaat rough 
estimates of skipjack potential about 4 times that of yellowfin i.e. 600,000 tona in tha Pacific, 
160,000 in the Indian Ocean, and 250,000 in the Atlantic. Thaaa figures are similar but rather 
lower tor those estimated by Ueyanagi, baaed on larval data and frequency of juveniles ia billfiah 
atomaoha - (quoted by Xikawa ejfc al. 1969) - 600,000*1 million in the Pacific, and perhaps 
300-400,000 tona in the Indian Ocean. The Paoifio figure ia in at leaat aa good agreement aa can 
be expected with the estimate of 500 000 tona obtained earlier by rough atook assessment methoda. 
Since the yellowfin spawning atock haa presumably been relatively further reduced by fishing than 
the akipjack, the latter figure may be the better estimate. 

The coastal diatribution of tuna larvae for the Bast Paoifio has been given by XI a we (1963)* 
The diatribution of yallowfin and frigate mackerel ia aimilar, tha latter being about three times 
ss abundant. Black akipjack or little tuna (Suthynnua linsstus) are more southerly! off Costa 
Rica they were about aa common aa yellowfin. The data suggests that the frigate mackerel ia an 
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important reeouroe in tht areai if it ia aaaumed that tha yellowfin larvae rapraaant tha complete 
production fro* tha yellowfin fiahad in tha Xaat Pacific, than a rough oetimata of tha frigate 
mackerel potantialoould be, aaauming tha aama larval production par unit adult biomaaa for tha 
two apaoiaa 9 3 x 70,000 - oa 200,000 tona; baoauaa not ail tha yellowfin nay epawn in tha 
araa, and alao tht epawning atook of yellowfin haa been raduoad by fi thing, thia fifura ia 
likely to ba an upper limit. 

Othar information from tha EASTROPAC and BQUAUXT ttudiet, and in tha Indian Ocaan 
tuggtat that tha frigate mackerel la widely diatributad in all ocoana, and may ba tha moat 
abundant ooaanio eoombroid. If ao ita potantial could ba of tha ordar of 1 million tona. 

6* OTHER RESOURCES 



Thttt ara common in all tha octant (Btraaburg 1959)* Quantitiaa of largo ahark ara takan 
on tha tuna long-Una fi thing, and 7,000 tona, mainly of graat blue ahark, are landed ' ' ' 
in Japan. It aaama likaly that immadiata oatohaa could ba inoraaaad aubatantially by fi thing 
apaeifieally for aharka. However, tha praaant longline fi thing ia probably quita affioiant 
for catching aharka. Alao, praaumably baoauaa of thair low fecundity, alaamobranoha aaam abla 
to auatain only a low fi thing rata - for axampla tha Britiah Columbia dogfiah atook daclinad 
vary rapidly whan baing fiahad for livtrt, and mora raoantly tha Horwagian ahark fiahery in tha 
northwaat Atlantic (tha only apaoialiaad oceanic thtrk fiehery), mainly for porbeagle, expanded 
rapidly to 8,000 tona in 1964, but tharaaftar daolinad to 1,400 tona in 1966. 

Including ooaatal atocka of amall aharka and dogfiah, tha potantial of larga ocaanic aharka 
may ba no mora than a faw hundrada of thouaanda of tona, if tt much. 

6.2 Qthar madium to It rat aurfaoa fiah 

Dolphin fiah (Coryphaana app.) ara widaly diatributad in tha warmar aaaa, both in coaatal watara, 
and in tha opan ooaan (Oibba and Collatta 1959, Ro tht child and Uohida 1968). Bacauaa it congragataa 
naar floating objeott and ia a popular aport fiah, it it oontpiouout, and tharafora ita 
abaoluta abundanoa may not ba exceptionally high. For inatanoa, in tha extenaive oollaction of 
amall fiah in ling trawl and leaace-Xidd trawl raportad by King and Ivaraan (1962) only ona 
coryphaenid waa found ( compared with 6 juvenile tunaa) and ooryphaenida oompriaad only 1 ml of 
mioronakton in aamplaa raportad ty Blackburn 1968, Thunnidaa 2 ml. Poaaibly tha potantial ia 
of tha aama ordar aa that of tunaa, of tha ordar of 1 million tona, and parhapa rathar laaa. 

Pomfrat (Brtat .Itponica) hava baan raportad ovar a wida araa of tha North Pacific during 
exploratory fi thing for aalmon (Larkina 1964, Bita and Prtnch 1963); no othar apaoiaa, apart 
from aalmon, waa found in numbara in tha opan ocaan. Tha potantial of pomfrat may ba Itrgt, and 
aimilar raaouroaa may exiat in othar octant* 

Saury (Colombia aaira) ara alao found widaly ovar tha tamparata octant, though tha cantraa 
of diatribution ara oloaa to tha oontinantal ahalvaa. In aoma of thaaa lattar araaa (a.g. off 
Japan) thay ara heavily exploited. The relation between theaa fiah and the oceanic atocka ia not 
known, but they may, in each ocean, form partt of the aame atook. The potential of the ahelf 
atooka are diaouaaed in the appropriate aeotion. There may be additional potantial from tha fiah 
in tha opan ocean, but lacking data on the population atruoture, no attempt will be made to 
eatimate it. 

6.3 Small pelagic animal t 

There ia no doubt that the potential reaouroea of amall thimtlt, aome of them the food of 
tuntt, ia the open ooeana ia very large. The abundance of amaller organiamt ia well demonatrtted 
by the exiatenoe of the Deep Scattering Layer, which ia auch a prominent feature of echo aounder 
re cord a in many parta of tha ocean. 

Syttemttic obttrvttiont of the groupa of animala (1-10 cm long, the micronekton of Blackburn 
(1968) are few baing mainly in the Stat Pacific (a.g. Xing and Iveraan 1962, Avon 1962, Berry and 
Perkine1966, Voaa 1967). Theae ahow that, aa might be expected, the d entity ia variable, and 
oorreaponda raaaonably wall with the diatribution of nutrienta, primary production, and aooplankton, 
but that even in the poorer areaa appreciable oatchea (in tarma of biological aamplea) can be 
takan with appropriate gear. 

Detailed examination of tha oatohaa ahow that many familiaa common in net aamplaa occur rarely 
in tuna atomaoha and vice veraa. Tha neta uaad do not aeem to catch tha moat active animala 
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(including mall tuna) while the large tuna do not oat the deeper living animal* whioh onlj come 
to the surface at night. 

Son* of tha ooanon group of fishes found inoluda Myotophids, Paralepide, Cyolothona app. 
(specially in daapar haula) y Oempylidae, Vinoiguerra epp. f and Lept ocephalae . Among oruataoaana 
tha diriding lina batwaan larger eooplankton, and tha waller nakton it rathar subjective. 
Blaokburn included adult euphausids among mioronekton, in whioh they ware common, aa wara etomopods, 
portunida and galathaida. Moat of thaaa are widely distributed, being oommoneet in tha mere 
productive areas (e.g. Oulf of Guinea, Peru torrent, etc.), but occurring elsewhere. Tha outstan- 
ding axoaption ia tha red crab (Pleuronoodes planipas). whioh is exceedingly abundant off Baja 
California (Longhurst 196? , 19$9) but rare elsewhere. 

Except for tha red orab tha immediate likelihood of exploitation of these animals is low, 
Tha market for auoh small and generally unattractive animals would be for fish meal, and therefore 
vary large catches would be required. Though tha total potential harvest is undoubtedly large - 
of tha order of hundreds of millions of tons - tharaars no data yat on tha aggregation of animals 
or on tha design of suitable gears, to suggest tha possibility in tha near future of getting the 
sices of oatohas required - around 10 tons/day for a 30*70 ft vessel, or greater for larger and 
more expensive vessels. 

Aa Longhurst (1967) points out the poaaibilitiea for red orab are much better. The animal is 
similar to galatheid crabs already being harvested in Chile, and could be used for human consump- 
tion at a reasonable price, and very large oonoent rat ions are found. The oraba exist in both a 
pelagio and benthio phase, the interaction between whioh is not fully understood. In the crusta- 
cean chapter of this report a conservative estimate of the potential harvest of 25,000 tons is 
given, baaed largely on extrapolation from the bottom trawl fishery for similar apeoiea in Chile, 
This figure may be taken as estimating the potential from its benthio phase , feeding on the limited 
production of the narrow oontinental shelf. The potential from the pelagio phase is very much 
greater. Some rough measure of this ia given by the figures of standing crops, from Blaokburn 
(1968). In his area 01, whioh measures around 300 kn wide by 1,800 km long (oa 500,000 k*2), 
catches of Pleuronoodes were around 100/1 ,OQO m3.of water sampled. If this represents the 
population down to 100 m, it is equivalent to a density of 10 g/m 2 , or a total standing orop of 
5 million tons. With a life-span of 2 years, the annual production might be half this, and the 
possible harvest about 1 million tons. These are only rough calculations of the order of magnitude* 
Also there are large year-to-year changes in the distribution and abundance t e.g. a large northward 
extension in 1958-60* 

6.4 SflUltti 

These occur in all oceans, and are generally believed to form a major unexploited resource. 
Presently exploitation is limited to a few of the ooastal and offshore stocks, particularly off 
Japan, as discussed in the regional seotions. The general biology and aystematioa of squid have 
been recently reviewed by Clarke (1966). This review shows clearly how little quantitative or 
even approximately quantitative information is available concerning the aquida of the open ocean. 
Among the stooka along the oontinental shelves discussed in the appropriate regional seotions there 
is a reasonable estimate (around half a million tons) of the potential of the oommon squid 
(Todarodes yaoificus) of the lorthwest Paoifio. The rougher estimates obtained on the relevant 
seotions for the other ooastal stocks - off Newfoundland, Northwest Africa etc. are probably 
within an order of magnitude. The open ocean resources are probably less abundant per unit area 
than these except perhaps along the equatorial upwelling sone, but extend over a much wider area. 
Their total magnitude ia therefore probably greater than the shelf resources - perhaps a few 
million tons, but not so much as 100 million tons. The possibility of exploiting these oceanic 
squids has been discussed by several authors, including Clarke (1966), Voss (1967) and Idyll 
(1968). Commonly used squid gear, auoh as the jigger , would aeem usable, though would depend on 
suitable aggregation of animals. It does not aeem to require too much of an advance in terms 
of value of the fish, fishing techniques or ability to locate favourable areas, for exploitation 
of oceanic squids to be economically feasible 9 and at least the prospects are more favourable 
than for the smaller oceanic fish. 

6.5 Comparison with primary and secondary production 

Ths use of information oa primary or secondary production la made difficult and inaccurate 
because of uncertainties about the efficiency of transfer from one trophic level to the next, and 
of the precise position of the potential reaouroes in the food web. These uncertainties are well 
illustrated by the table prepared by Sohaefor (1965)* Here there is enough information at least for 
the Paoifio for the data on basic production to be used to give rough confirmation of the estimates 
in earlier seotions. 
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Ufin* alternative factors of 10 and 20% for the carnivorous stage*, and a round figure of 
7 x 10* tons of harbivoroua sooplankton, the estimates of annual production in the Pacific (in 
tarns of wet weight, except for primary production), are, from production data, in millions of 
tone: 

Plants 6.4 x 10 3 C 

Herbivores 5-10 x 10^, say 7 x 10 3 

First stage carnivores 700-1,400 

Second stage carnivores 70-280 

Third stage carnivores 7-56 

while rough estimates of potential of fish and other animals are, taking the Pacific as half the 
total t 

Tunas say 1*5 

Other large fish (sharks, 'ooryphaenids, etc.) 1 
Squids 5-50 

Myc tophi ds, etc. hundreds 

The latter figures would seem to be reasonable if, aa is not unlikely, myctophids, etc., 
are first or second stage carnivores, squids are second stsge carnivores, and tuna and other large 
fiah are third stage carnivores* 

7* DISCUSSION AND REQUIREMENTS FOR FURTHER RESEARCH 

The rough estimates for these resources may be summarised as follows:* 
Table P4 - Summary of potential catches from oceanic resources (tons) 

Whales, eto. Large baleeni 1,900 BWU 1,640,000 

Sperm whales: 25,000 animals * 500,000 

Small whales 500,000 

Dolphins, porpoises ? 

Salmon North Pacific 500,000 

Atlantic 15,000 

Tunas Large tunas: Pacific 350-450,000 

Atlantic 200-250,000 

Indian Ocean 100-150,000 

Skipjack Pacific 500-800,000 

Atlantic 250-300,000 

Indian Ocean 160-300,000 

Other small tunas: Frigate mackerel (1,000,000) 

Bonito (500,000; 

Little tuna ? 

Thynnus tonggol ? 

Sharks ' (500,000) 

Coryphaenids (1,000,000) 

Souids 10-100 million 

Myctophids. etc* hundreds of millions 

Red crab (1,000,000) 

- Salmon are included here because most of their growth is put on in the open oceans, though 
their potential is discussed in detail eleewhere 
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The oceanic reaoureee fall, in relation to exploitation, into two olaeaee - the whalee, 
ealmon and larger tunas, which are mainly fully or ovorexploited 9 and tha othar raaourcaa which 
ara virtually untouched* 

Tha requirement* for tha two groupe ara naturally vary different. 

For tha exploited group tha naada ara mainly for bat tar data for management * and alao battar 
and more effective machinery for implementing management* Statiatioa ara aa uaual a basic require- 
ments on tha whola thaaa ara eatisfactory, but battar data ara raquirad for aoaa tuna fieheriee, 
aapacially on tha araa of capture* Nora extonaive data on aiaaa of fiah caught ara naadad for marly 
all tuna fiahariaat Thia ia particularly important in viaw of tha diffarant aicaa takan by dif- 
farant goare. 

Battar information on population atruotura (poaaibla atook aaparation) ia raquirad for tha 
aavaral fiahariaa whara exploitation ia far from baing uniform ovar tha whola ranga of tha apaciaa. 
Thia ia particularly raquirad for sperm whalaa f yallowfin tuna, and akipjaok tuna in tha Pacific. 
Soma othar raquiramanta for tuna including tha naad for baaic raaaaroh pn tha ralation batwaan 
atook and raoruitaant ara diacuaaad in tha raport of tha Miami maating (PAO 1968). 

For tha anallar tuna, including akipjaok in moat artaa, aid alao aurfaca aohoola of madium 
aiaa full of tha largar fiah, a.g. yallowfin in tha northwaatara Indian Ocaan, aubatantial 
improvamant to aatimataa of potential will mainly coma only aftar axploitation has inoraaaad* 
Thara ia enough information to ahow that the potential exiats, and tha immediate reaeareh need ia 
for information that will aaaiat the development of exploitation. 

For the other unconventional 1 ra sources, the estimates are extremely rough. Bowever 9 for 
practical purposes theae are probably efficiently accurate to ahow that if the problem of 
harvesting could be aolvad, the potential ia extremely large. There ia, therefore, no immediate 
urgency to improve the estimates, but rather to undertake reaaaroh to make harveating more poa- 
aibla. Thia will include technological research on catching and processing methods, aa wall aa 
research on the distribution and behaviour, especially occurrence of concentration of the organiama 
concerned. 
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INTRODUCTION 

The commercial and potentially comratrcial species of mollusc include active mobile carnivore* f leas 
mobile herbivores and stationary or almost stationary filter feeders. die variety of behaviour deter- 
mines to * considerable extent the moans by which the maximum production can be achieved. With some 
species rational exploitation of naturally reproducing stocks, similar to exploitation of most fish 
stocks, it the only way to obtain maximum yields, while with others varying degrees of cultivation have 
been practiced for centuries and can be further developed to provide very substantial increases in yield, 

Mobile carnivores 

Hie mobile carnivores are all gastropods and include many large marine snails such as the whelks 
that feed on living bivalves and will eat dead flesh of many types of animals. They are often very 
abundant and can be important competitors with fish for the same food, Their greater exploitation 
would be generally advantageous to fisheries, 

Some of these species have rather tough meats and the markets for them are at present limited} 
however, a number of other species are very highly prised. More intense exploitation of these gastro- 
pods is likely to be very generally possible and maximum yields will depend on the usual factors con- 
trolling the population dynamics of exploited natural populations, the growth, mortality and reproduction, 

Mobile herbivores 

These molluscs are also all gastropods and include the winkles, limpets, abalones (oners) and 
oonohs. Ihey browse on bottom living algae and therefore are all limited to the photic sone and some 
of them are predominantly inter tidal. 

All winkles and most limpets are small and winkles are difficult to extract from their shells, 
Neither group is likely to be of much commercial importance. However, the oonohs of the Caribbean are 
large herbivores which are common on soft grounds and have played an important role as a staple supply 
of protein in the area. Abalones can also be quite common and large, but living on a rooky coast, can 
only be harvested by diving and removal from the rooks one at a time ty hand which makes large scale 
mechanical harvesting impossible. The maximum yields of both groups at present depend on rational 
exploitation, though in Japan the artificial rearing of abalones is being developed. 

niter feeders 

Ibis group of molluscs, which includes all bivalves, is of great importance to food production as 
they all feed on diatoms, flagellates and bacteria and thus make direct use of the primary production. 

The extent to which cultivation has so far contributed to increasing production and the methods 
used in cultivation depend largely on the mobility of each species and their form of attachment, if any, 
to the substrate. 



Of the commercially useful filter feeders the scallops are the most mobile, being capable of 
swimming short distances in escaping from predators and reacting to the nature of the substrate. Ibis 
degree of movement is likely to make farming them more difficult than with more sedentary species, 
although artificial rearing has been achieved in Japan. 

At present maximum yields from natural stocks depend on rational exploitation, 
(b) Clams. Cockles. Arc Shells 

Practically all clams, cockles and arc shells live in the bottom sediments either just covered 
by them or buried up to a depth of several times the length of the shell. Some species attach them- 
selves temporarily to the stones on the bottom ty byeses threads which can be detached at will, but 
most are not attached in any way and have little power of movement except to dig themselves into the 
sediment. 

It is characteristic of most molluscs, including the clams, that settlement of the young spat 
following the planktonic larval stages is very variable from year to year, both in abundance and in 
location. Being incapable of much or any lateral movement this frequently leads to the settlements 
being locally very dense and not always in the areas where good growth will subsequently occur. Tbe 
density of settlement often leads to intra-speoifio competition and reduced growth. 
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In some countries, and particularly Japan, the gathering of young spat of several spaoias of clams 
from areas of dense settlement and their replanting on private grounds has become etaadard practice. 
Maximum yielda from these natural stocks will, therefore, be achieved by a combination of transplanta- 
tion to good growing grounda, and tha use of sound cultivation methods, inoluding predator oontrol. 
Artificial roaring of a variety of clams haa proved relatively simple and oan be expected to play an 
increasing role in developing production among the more highly priced species. 

(o) Mussels 

fEhe characteristic feature of mussels is that thay do not bury themselves but attach them- 
selves by temporary byssus threads to a hard substrata which may be rooks, other shells inoluding 
mussels, mangrove haustoria or man-made mater iala. 

Being thin Shelled, young mussels are an important food of many fish, crabs and starfish and 
therefore some spsoiss rarely survive to a commercial siss below low water mark. However, they ara 
often vary abundant and survive in vary larga numbers intartidally where predation is reduced but 
where due to exposure they do not grow so wall or fattan so wall as at lowar levels, 

Various forms of cultivation have bean used to increase production and/or increase the quality of 
the product. Ifeeae include a relaying of mussels from demersal settlements or of intertidal slow 
growing mussels to private grounds where they will grow and fattan wall and where some predator oontrol 
oan ba included. Tha methods that have bean developed for this type of cultivation are amenable to 
large aoale mechanisation aa in Holland and the UK. 

In franca the enormous abundance of mussel spat in the plankton has boon the basis of obtaining 
stocks by providing wooden posts in auitabla localities to receive the spat. Hie young mussels are 
subsequently transferred to fences (bouohots) whore they grow and fattan wall. 

Mora raoantly the habit of the mussel to attach itsslf to a substrate has been used in the deve- 
lopment of hanging oultura in which the spat is caught on ropes suspended from rafts and subsequently 
tranafarrad to othar ropes at a lower density for growing on. Mussels gathered from wild stocks may 
also be used for hanging oultura. In this way a very high production balow unit araa of surface oan 
be obtained in suitable areas. 

Good mussel grounds oan carry up to 150 tons whole mussels par hectare grown on the bottom, while 
in hanging culture one raft oan carry 50-60 tons of mussels, Obe actual siss of the raft may be 
18 m x 18 m, but there have to be sufficient spaces between the rafta ao that the harvest from one 
raft effectively comes from an area of 100 m x 100 m. 

(d) Oysters 

Die features of oysters that have mads them so widely gathered and cultivated ara thair abun- 
dance in inshore waters, great tolerance of varied environmental oonditiona, capacity to remain alive 
out of water for long parioda simplifying transplanting and marketing and their popularity aa food. 
On the other hand, no other commercial mollusc appears to be so much affected ty diseases which have 
from time to time caused major mortalities, though these may bs dus more to a history of monooulturs 
than to a basic susceptibility of oysters, 

Hie production of seed oysters has largely been by providing suitable surfaoea for settlement at 
the best times and places. Mussel shell, limed tiles, mangrove etioks, bamboo sticks and strings of 
oyster shells have all proved successful with different species or under different oonditiona. typi- 
cally the aeed ia laid on tha bad of the estuary or othar sheltered water, but more recently hanging 
culture, which gives faater growth than for oysters laid on the bottom, is proving vary successful for 
several species. The production of large quantities of aeed oysters in a prolofio spattiag araa per- 
mits the seeding of ground with lass regular production and alao grounda which, while not normally 
producing oystera, are vary good for growth and fattening. 

Oyster grounda oan carry over million adult oysters par hectare with an annual production of 
around 50 tons whole oysters or 8 tons msat par hectare. 
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3ht landing! shown in this Motion art dsrivsd from PAD published statistics for 1966 (PAD 
unlsss otherwise stated. More up to dat and detailed statistics art given in Appendix Table Q1, 
fem additional data on landings are derived from national statistics or scientific reports, these 
OUTOM are stated. Boas oountriot do not provide returns for molluscs and sons returns art not 
broken down to spsoisa or groups of spsoiss. Also considerable quantities of molluscs are gathered by 
individuals for their own use or sold at local ooastal markets without any records of landings being 
kspt. For this reason the available statistics of mollusc production are undoubtedly under-estimates 
in most oases and oonsidsrabls under-sstimatss in others. 

The text of this chapter should be read in conjunction with Appendix Table Q1 which sots out 
the landings for 195&/68 for each molluso group ty countries and geographic areas. The regions 
used differ slightly from those used in the detailed regional reviews and are shown in Figure Q1* 

A. ATLANTIC 

Region I - Northeast Atlantic i total production 368,000 tons 
Scallops t 10,900 tons 
Peoten maximust 8,200 tons - France, UK, Eire, Spain 

Chlamys variat 

2,700 tons - France, Spain 
Ohlamys opsroularisi 

Psotsn maximus is ons of the largest scallops of the world and produces excellent moats, which are 
highly prised. In the past it has been sold largely alive but, as it doss not live long out of the 
water, the market prepared to take this very perishable product was limited. However, now that an 
increasing proportion of the catch is being frossn the market has expanded and is capable of absorbing 
all the scallops that can be landed. 

ttsrs are probably some stocks in the eastern Forth Ssa and round Scotland which are not yet 
xploited but the major stocks in the Irish Ssa and in the English Channel and down to Spain are well 
known and heavily exploited. Some increased catch would come from greater exploitation of the fsw 
liflhtly fished stocks and a little from more rational fishing of the heavily fished ones, but it is 
unlikely that yields from the Northeast Atlantic could be increased beyond about 15,000 tons. 

The smaller queen scallops, Chlamys varia and C. opercularis. are locally vsry abundant from 
Norway to Spain. They are vsry good food/but do not travel well alive, are costly to schuck and only 
in France form important fisheries. 

Equipment is being developed in Florida, USA, for shucking small scallops and if the costs of 
shucking can bo overcome the production of these small scallops could increase substantially, probably 
to more than 20,000 tons. 

Clams. Cooklsst 59 t 600 tons 

Gooklsst Cardium sdulsi 36,100 tons - Spain, UK, France, Holland, Portugal 
Bard olamst Ysnsrupis deoussatai 



5,300 tons - Spain, Portugal, France 
Ysnsrupis pullastra; ) 

Venus vsrruoosat ) 

. i 13 ? 100 tons - Spain, France 

Ysnus gal Una; ) 
Rasor olami Solon sp., 100 tons - Spain 
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Little it known about the took* of any of these species, most of which are inter tidal and are 
exploited by digging and raking* It ie probable that eome of these species are aleo present in oonsi- 
derable numbers below low water nark* 

In Holland oooklet have been harvested for several years with a hydraulic dredge which is used over 
the hi** tide period and which washes the oookles out of the sand by a series of jets of water playing 
onto the bottom in front of the dredge. Recently (UK, White Fish Authority 1967) a modification of this 
dredge has been developed which brings the oatoh to the ship by a pipe, allowing continuous fishing in 
water down to about 20 ft (6 ) Ifcis dredge should substantially reduce oosts, permit fishing on stocks 
of lower densities and below low water mark and possibly bring into use offshore species such as Maotra 
stultorum which has not as yet been used for human food because of the difficulty of harvesting* 

One more full utilisation of existing stocks by all countries at present harvesting them oould 
probably raise yields to around the 100.000 tons level. 

In addition 9 the artificial rearing of the American hard clan Mercenaria is now well advanced in 
the UK and France and should be adding substantially to national production by 1973* Hi* artificial 
rearing of Venerupis (Tapes) spp* is also proving simple f though the protection of olams from crabs 
(Caroinus maenas) while small is an important problem if layed in the sea too soon* 

Mussels: 222.400 tons 

Rytilus edulist ) 

j all countries Denmark to Spain 
Kytilus galloprovinoial is i ) 

These two species overlap in distribution; M. edulis is the northern fora and is present throughout 
the area while M* gall opro vine ial is is common in the south and does not extend north of about 52N* 

Mussels are one of the commonest molluscs in coastal water of the Northeast Atlantic and the young 
occur abundantly from about halt-tide level to depths reaching some 30 m. There is very heavy natural 
predation by fish and invertebrates resulting in consumption size mussels (over about 5 cm length) being 
found chiefly intertidally where they escape predation* However, at high levels exposure for long 
periods results in poor growth and poor meat conditions (Baird 1966)* 

Harvesting by hand with simple tools has been the standard method of collection for many centuries . 
One method of simple culture used in the UK and elsewhere has involved transferring slow growing poor 
mussels from hi# inter tidal levels to about low water mark where they grow well and fatten and are 
harvested by hand or with long-handled rakes from small boats. Cultivation in Holland and more recently in 
the UK, has been based on trasferring small seed mussels from natural settlements below low tide level 
to private lays in shallow water at or a little below low water of spring tides (Lambert 1933* 1950* 
The mussels are gathered by dredging into boats that can carry up to 30 tons at a time* A similar har- 
vesting by dredging occurs on the rich natural beds of mussels in the Liraf jord of Denmark* 

Ihe pattern of production of mussels in Holland is changing due to the closure of the large shell- 
fish producing areas in the south for coastal protection reasons and the intensification of production 
in the Waddensee in the north of Holland* Verwey (1932) has shown that the Waddensee acts as an accu- 
mulating basin of nutrient materials and therefore has a great productivity. Having* (1936) estimated 
that the mussel production in the Waddeneee oould reach about 100,000 tons, which would mean that Dutch 
production of mussels oould be slightly increased in spite of the loss of the southern Delta region* 
Mew assessments of potential maximum mussel production are currently being made which may modify 
Having* 1 e estimate. 

On the Atlantic coast of France mussels are cultivated by two methods. Some are relaid on the flat, 
but the majority are now cultivated by the bouchot method. In this method spat is collected from large 
numbers of vertical posts driven into the sediments a little below low tide level. Shoreward of the 
posts are placed fences made of branches woven horizontally between vertical posts and onto these are 
placed the spat which remain on the fences until ready for harvest. Vast areas are devoted to this 
method at ?t. Palo, Vannee and La Rochelle. There are many areas on the west and north oosts of France 
suitable for cultivation on the flat and on bouohots and conditions might also allow for some hanging 
(raft) culture such that mussel production oould probably double, to around 70,000 tons, but this is 
likely to depend on sociological conditions as the current bouchot culture requires considerable 
labour* 
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Experiments in the growing of mussels from rafts started in Oalicia (Spain) in 1946i production 
reached 10 f OOO tons lay 1956 and was 130,000 tons in 1967 (Andreu personal communication), though offi- 
cial statistics give a lowsr figure. In this method ropes are suspended from outriggers from an old 
boat or a specially constructed raft and yields of some 50-60 tons are obtained in a year from a raft 
18 m x 18 m. In Spain the suitable sheltered areas for hanging culture are limited, but Andreu (1968) 
considers that with full utilization of the suitable sheltered areas and some reduction in the distance 
between the rffts, production might be about doubled, to 230,000 tons, over a number of years. The most 
probable obstacle to this increase is considered to be inadequate consumer demand. 

Vilela (1967) considers that there is scope for some expansion of mussel production in the R. Mia 
area of Portugal. 

In Scotland and Norway there is considerable interest in raft culture and current experiment* are 
encouraging though the low temperatures are likely to mean that the mussels take about twioe as long to 
reach commercial sise as in Spain. In England and Wales the strong tides and the scarcity of well shel- 
tered estuaries are likely to preclude raft culture on any appreciable scale. There would, however, 
appear to be considerable scope for the expansion of mussel culture on the bottom by using mechanised 
techniques in the UK, Eire and probably the German Waddensee (Meyer-Waarden 1968), which could increase 
production from the present 10,000 tons to at least 50,000 tons for the three countries* 

It would seem practicable for mussel production in the Northeast Atlantic area to increase by 50jt 
in the next decade but would have difficulty in doubling, though suitable areas for greater production 
are present. 

Oysters i 64,400 tons 

Flat oysters Ostrea edulist about 7,000 tons - France, UK, Sire, Spain, Netherlands 
Portuguese oyster i Crassostrea angulatat about 57 , 000 tons - France, UK, Spain, Portugal 

Oyster production in Europe goos back 2,000 years, the maximum product ion probably occurring during 
the latter decades of the nineteenth oentuiy following which there has been a substantial decline in some 
countries, especially in higher latitudes where Ostrea edulis (the European flat oyster) was the main 
species grown. While this oyster was a cheap abundant food 100 years ago it now has a very high sale 
value. 

Production of 0. edulis has been reduced by pollution, disease and introduced competitors. TSiere 
has always been a tradition of imported seed oysters from the more southern parts of Europe where spat- 
fall is more regular and abundant to the north, but now the supply of 0. edulis from the southwest of 
France and C. angulata from Portugal and the Oironde estuary in Franoe"is far from adequate to meet the 
needs of the more northerly countries. Even France cannot always obtain enough spat of both species for 
her own needs. It is probable, however, that improved methods of spat collection in reliable spatting 
areas of Francs would permit a substantial increase in the production of consumption oysters by France 
and elsewhere. In the UK although production is now very low there are many productive estuaries which 
could yield more than the past peak production of 8,000 tons if seed were available. 

Current research in the artificial rearing of oyster spat is proceeding in the UK (Wains 1966) and 
France, and if successful, could lead to abundant seed of 0. edulis. Experiments are also being done in 
the UK on the rearing of the Japanese oyster (C. gigas) and the New Zealand oyster (0, lutaria) because 
of the fast growth of the former and the short planktonio life of a few hours of the larvae of the 
latter* Both species could lead to a further increased production. One of the advantage* of growing 
both 0. edulis and C. angulata or C. gigas in cooler waters is that the latter do not spawn species 
but have large gonals and art in a"Vcry good condition for harvesting during the summer months when 
0. edulis is in poor condition and unsaleable* 

Oiven an adequate supply of seed it is probable that French production could reach 20,000 tons of 
0* edulis and 100,000 tons of C* angulata and the production of the UK, Belgium, Holland, Germany and 
Benmark could together reach 20,000 tons* Portugal produces only some 500 tons of oysters for consump- 
tion but supplies very large quantities of seed oysters tor the rest of Europe. It has few areas sui- 
table for fattening and production of consumption oysters is not likely to increase much. In Spain 
some 600 tons of flat oysters and 1,000 tons of Portuguese are produced from natural banks, but hanging 
culture in which flat oysters are attached by cement to cords of nylon suspended from rafts has recently 
started (Andreu 1968) and can be expected to add substantially to this production of this species* 
However, while an increase in oyster culture in the place of mussel culture might produce a more valu- 
able crop, the amount of protein produced is likely to be substantially less. 
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Gastropods i 4*600 tons 

Winklei Littorina spp.t 2JOO tons - Sire, UK, Spain, Holland 
Nhelkt Buoeinum undatumt 1,900 tons - UK, Holland Belgium 
Qrmer or abalones Haliotis tuberoularist small quantities - Spain, France | 

Although, winkles are generally common along most coasts of the area the yield of meat is very 
small and difficult to extract. It seems unlikely that the production will increase much. 

The whelk is an extremely common northern carnivorous speoies which is oa\ight in baited traps 
round England (Hanoook 1967) snd by dredges in Holland. The flesh is very firm and not particularly 
attractive. There is no doubt that the stocks round Britain, and in the North Sea generally, oould 
yield at least tens of thousands of tons if the demand was created. 

The ormer (Haliotis tubercularis) is a southern speoies, the northern limit of which is the French 
side of the English Channel as far as and including the Channel Islands. There are small fisheries in 
Spain, Franc* and the Channel Islands but this species is relatively small, rarsly exceeding 12 cm long 
and never very abundant. It is unlikely to prove sufficiently common anywhere to give appreciable yields. 

Region II Mediterranean and Black Seat reported production 50,700 tons 

Official statistics of landings of mollusos from this area are rather incomplete and where given 
(Italy and Greece) are not broken down fully into speoies. Most mollusc speoies found in the Northeast 
Atlantic area are also present in this area. 

Scallops 

Pecten maximus and Chlamys spp. are recorded from France, Italy, Greece and Algeria (Oruvel 
1926) but recorded landings are under 10 tons. Obese speoies do not appear to be abundant or capable 
of supporting a substantial fishery* 

Olams. Cookies and Arc Shells 

Cardium edule. Venerupis spp., Solon spp., Area no* and Tellina sp. are all common in the 
Mediterranean and many species are gathoreTsnd used on a substantial scale, especially in Italy and in 
France, but few details are available. France records 110 tons of palourde (Yenerupis spp) from the 
Site area (France 1967) snd 920 tons of N various mollusos" which are probably largely olams 
Similarly, Italy records 8,200 tons of various mollusos other than mussels, and here again a large 
proportion is almost certainly olams. Although oockles are common and known to be abundant in Greece 
(PAD mimso report) they appear to be little used. Present production would be at least 10,000 tons and 
oould probably be doubled. There are indications that production oould be increased sovoralfold. 



Mussel st 19|670 

Mytilus galloprovjnoialist Italy, franco, USSR 

Mussels are present throughout the Mediterranean, and are cultivated on a large scale at 
several places on the east and west coasts of Italy (including Taranto and Salerno) and at Site in 
franco. At Taranto, cultivation is done on reed cords suspended from ropes held horizontally between 
tripods or between floats (Parensan 1958), *nd recorded production is in exoess of 7i500 tons annually 
and probably substantially more. In the vicinity of Site the mussels are cultivated both by the standard 
French bouohot method and on tarred ropes suspended from horizontal poles supported at intervals by 
vertical posts. In 1966 7,600 tons were produced in this area using these methods. 

There are many sheltered parts of the coast of Yugoslavia andfAO/UV ( 196*1) has reported that condi- 
tions are suitable for mussel culture similar in form to that used in Italy in some twelve localities 
along the coast. Ho doubt suitable sites would also be present round Oreeoe and other parts of the 
Mediterranean* and Black Sea. 

It is probable therefore that hydrobiologioal conditions exist for mussel production in this 
region to be increased at least beyond the 90,000 ton level without many problems. 
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Oyster si 720 ton* 

Ostrea edulist France, Italy, Yugoslavia 
Crassostrea angulatat France, Italy 
Ostrea taurloat USSR 

The flat oyster 0. edulJs 10 widespread in the area bat it ! not the basil of a large 
fishery anywhere and appear* not to fatten ae well ae on the Atlantic coast* Cultivation of the Portu- 
guese oyeter (0. anplata) is largely limited to France and the North African coasts of Algeria and 
Tunieia and dcee not reproduce readily under the condition* generally preeent in the eetuariee of the 
Mediterranean(FAO/UH 1961). Snail quantities (20 tone) of 0. taurioa are landed by the USSR. 

FAO/UK (1961) has reported favourably on the possibility of introducing hanging culture of 0* edulis 
on the coast of Yugoslavia and progress is being made on an experimental basis (Nikolio and Stojnio 



Vardaro (1939) oonsidered that oyster production in Taranto, Italy, oould be increased again to 
give an annual output of 10 to 15 million oysters or about 500 tons* 

Aftous (1966) suggests that the cultivation of 0. edulis is not likely to be successful on the 
Tunisian coast due to too hi#i spring temperatures, ""but oonsidered that C. angulata would grow well in 
Biserte where a substantial culture oould be developed, though it may prove necessary to rely on seed 
oysters from other areas* 

Thus there appear to be considerable problems in achieving a substantial oyster production. General low 
productivity of Mediterranean waters may preclude the large scale cultivation of good quality oysters 
sad other bivalve molluscs from many areas* angulata may be more successful in the long run if an 
area can be found which will give large cale~re liable spatfall and which can be used as the area for 
supplying seed for growing on elsewhere* 

dastropods 

Small numbers of gastropods are gathered but no landings data are available* 
Region IE -Northwest and Western Central Atlantic*- reported production 6*40.000 tons - Canada, USA 
Scallops* 146,000 tons 

Sea scallops Plaoopeoten magellanioust 128,000 tons - Canada, USA 

Bay scallops Aequipecten irradianst 7400 tons - USA 

Iceland scallops Chlamys islandiouss small (juantities 

Calico scallops Peoten gibbuss 10,900 tons - USA 

His main fishery for scallops is for the sea scallop the distribution of which is from Cape 
Hatteras (36V) to Newfoundland (90N) sad forms a major resource on Georges Bank which is exploited by 
boats of 69 to 99 ft (21-31 m) from the U8A and Canada working in 40 to 80 m water using 12 ft (4 m) 
wide dredges* More limited concentrations are worked by Canadian boats along the Canadian coast and by 
US boats between Cape Cod and the mouth of Chesapeake Bay (Bourne 1964, Merrill 1960). 

Ifee recent development of the fishery has been the increased fishing of Canadian boats on Georges 
Bank. Ibis fishery is being studied closely to determine the best means of management. Preliminary 
assessments suggest that the Georges Bank stock oould stand limited further fishing and the more nor- 
therly aad southerly concent rat ion oould yield increased catches. Landings of sea scallops may in 
fact be above thoee shown at the head of this chapter as the ICNAF Statistical Bulletin records 117 000 
tons in 1964* Potential yields from this species are probably around or a little above 130,000 tons in 
live weight annually. Tfce yield of usable product oould be further increased by at least 10 if the 
gonads were utilised when well developed as is the case with Peoten maxijmm in Europe. 

Ifee bay soallop is caught from Hew England to the Gulf of Mexico with a yield of 1,88? 00 lb meat 
(6JOO tons live weitfxt) in 1964 (US Fish*Stats). Production oould probably be increased to about 
10,000 tons. 
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Clams: 188,800 tone 

Hard clam: Mercenaria mercenaries ) 

) 51,200 tons - USA 
Mercenaria oampechienais: ) 

Soft clam: Mya arenariai 28,900 tone - USA, Canada 

Surf or 

Bar olami Spjaula solidiasima; 108,100 tona - USA 

Ocaan quahog: Arotica islandica: 300 tona - USA 

Ens is ap.i amall quantitiaa 
Rangia clam: Rang i a sp*: 200 tona - USA 

At laaat six 'species of clam ara exploited commercially along thia coaatlina, of which 
tha hard clams, aoft clama and aurf clama account for ovar 9j{ of currant production* 

Tha hard clama ara two closely aimilar epecies of Marcanaria (previously Venue ) of which 
Msrcsnsria ia tha mora northern, ia heavily axploitad and makes up tha majority of tha total 
present landings* Tha mora a out hern species JJ. campechiensis extends from Chesapeake Bay to tha 
Caribbean with the main grounds off N. Carolina (Porter and Chaatnut 1962)* It waa mora 
heavily axploitad off Florida in tha past and is probably capable of producing much inoraaaad 
yielda at many points from N. Carolina to tie Gulf of Mexico. Experiments have recently bean 
mada in relaying olama to gat battar growth and preliminary raaulta hava been encouraging (Mencal 
and Sims 1962). The artificial production of ssad hard clams is also being dona on a semi- 
commercial seals which could substantially increase production ones it ia devalopad on a largs 
seals* It would sssm probabls that production by grsatsr sxploitation of g* oampecftiansis. 
transplantation and artificial raaring could rssult in annual yislds bsing more than doubled. 

The surf clam, bsing harvested in rather daapar water, does not land itsslf to cultivation 
methods, but thars is little svidsncs that is baing over-exploited and it ia probabls that thsrs ara 
stocks of commercial dsnsity still to bs found. In Canada it is estimated that yislds of this 
clam could bs trsblsd (Rioksr 1962) to around 1,000 tons. 

Soft olama srs gathered from Canada to s littls south of Cheaapeake Bay snd ara now in many 
srsas harvested by hydraulic drsdgs which has incrssssd yislds and dacraaaed damage to ths shells 
(Manning 1957)* Production in soms srsas has dscrssssd as a rssult of too hsavy fishing and lack 
of sound management (iPw and Wallace 1961)* However, with scisntifio management yislds could bs 
substantially inorssssd snd statilissd, probably at s round 50,000 tons (weight of meat) or about 
a third of a million tons livs weight. 

At prsssnt only about 300 tons of ocaan quahog are fished, but MaoPhail snd Medcof (1959) have 
shown that thsrs srs vast resources of this largs dssp watsr clam. It is bslisvsd to bs ons of 
ths most abundant shellfish of ths US sast coast and can bs harvested rsadily with hydraulic drsdgas. 
In exploratory drsdging yislds of 75 bushels/day wars obtained* This spsciss has a very strong 
flavour which has mads marketing of tha plain canned product difficult. Howsvsr, this problem 
appsars now to havs bssn overcome in two ways, firstly by using minced quahog meat combined with 
pulverised fish flesh, starch snd spioee in s product called Clombo (Anon. 1967), and secondly by 
free sing, where the oharsctsristic flavour has provsd advantageous* Commercial production is 
expanding in Rhode Island and adjacent areas. Potential production of this species is probably 
well above 50,000 tons of meat par year, as some of the potentisl areas havs not yst bsen explored. 

HSiiiail' Mvtilus edulist 1,400 tons - USA 

The harvesting of mussels for human consumption in this sres has nsvsr bsen on s very 
large scale although US production wss around 4,000 tons in 1906 (Field 1922). Field reviewed 
the biology snd economic value of the muaaal snd concluded that there were over 1,000 sores 
(400 ha) in tie Maaaachueetta-Rhode Island-Hew York area carrying at Isast 2 million bushel a 
(70 million l) of marketable mussels snd likely to be productive grounds elsewhere that he had 
not visited. Replenishmsnt of stocks appeared to be vary good as great areas were covered with 
small ssed mussels* 
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With modem met hods of cultivating and harvesting mussels on the flat, aa developed in Holland, 
the output in the northern half of the USA could be very great, probably exceeding 100,000 tons. 
At the present time lack of markets prevents any development of this species. 

Growth of mussels in Canadian waters would be slower but it would seem worth inveetigating 
the possibility of mussel culture there* 

Ovsterst 327 t 500 tons 

Eastern oyster: Crassostrea virgin! ca; USA, Mexico, Canada 

The eastern oyster, Crassostrea virginioa. is the only oyster harvested or cultivated 
in any quantity on the Northwest Atlantic seaboard where its range extends from the St. Lawrence 
River, Canada, to the Yucatan in Mexico. 

Oyster production of the eastern seaboard of the USA reached a peak towards the end of the 

last century when some 175 million Ib of flesh was aold a year, equivalent to about 1.56 million 

tone live weight (Engle 1964)* About 30% came from Chesapeake Bay, the mid Atlantic states, and 
New England. 

During the past 60 years production has fallen to 325,000 tons live weight largely due to a 
decline of about 80jl in these three areas* 

There has also been a decline in the Canadian production from around 4,500 tons in 1946/50 
to 1,600 tons in 1966, but production from the southern half of the area has been maintained* 

The causes of this decline are complex but according to Engle (1964), Oaltsoff (196*4) and 
Newcombe and Mensel (1956), the decline in the Chesapeake and neighbouring areas has been primarily 
due to over-fishing and predatora supplemented by disease, pollution and restrictive local legisla- 
tion which have hampered the development of private cultivation and predator control* MSX disease 
has also caused considerable losses over a number of years in the high salinity areaa. However, 
the fact that the meat content of oysters in South Carolina haa steadily decreased from 39 oa/buehel 
prior to 1935 to under 30 os/bushel since 1948 (Lunc 1950) suggests that there may have 
been other biological factors involved* In Canada the reduction in production has been largely 
due to disease (Rioker 1962, Medcof 1961) which, in spite of very intense research, is not yet 
fully identified. 

There seems little doubt that the areas which have produced the large yields before could 
again give at least the same production if seed supply wae maintained and the fishery generally 
modernised regarding tenure of holdings, control of pollution and the full uae of available 
scientific knowledge (Engle 1964)* 

Recently experiments have been made in Massachusetts (Shaw 1962) to try the use of hanging 
culture for growing C. virginica. The time for growth to a marketable sice was about halved and 
predation was much reduced and it was concluded that rafts could well have an important place in 
oyster culture in this, and presumably other areas, in the eastern USA. 

virginica is now being reared artificially on a large scale in the Long Island Sound area 
where the seed oysters produced from the basis of a substantial industry using scuba divers for 
supervising pest control measures and yielding in 1966 some 40 million oysters. The first commer- 
cial hatchery in Canada was set up in Prince Edward Island in 1968 (Medcof 1969 personal communica- 
tion) following intense experimental work in the area (Drinnan and Parkinson 19^7)* 

Glude (1961) suggests that the future oyster production of the USA could increase substantially 
with the full application of scientific methods to cultivation methods in the sea and ashore. 

Ricker (1962) considered that with the development of adequate reliable resources of seed 
oysters, and more intensive cultivation, Canadian east coast production could reach 7 f 500 tons 
live weight per annum. 
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Butler (1954) in reviewing the etate of knowledge on the oyetar la the Gulf of Mexico 
pointed out that . virgin! ca waa preeent throughout the area and ita very great abundance 
waa at times an embarraaemcnt to the oyeter producer due to the difficulty of producing good 
ahaped oyatera when they grow in denae clumps. 

There haa been waateful gathering and d eat ruction of grounda in the paat but Butler auggeate 
that there are aome 1,400 mi* in the Gulf capable of producing oyatera and a large proportion of 
thia area could produce an average of 300 bushels/acre/year. 

He auggeata that the production could without great difficulty inoreaae 40 tines, from 
the current 23 Billion Ib (12,000 tone) of meat to around 300,000 tona of meat per year. 

It would appear that if the apat settlement could be controlled to give readily eingled 
aeed the Gulf could be a major aetd producing area supplying growing- on-grounds on a large 
scale. The above production figures do not take into account the poaaible advantages of hanging 
culture which would help to aolve the major problems in aome areaa of predation by auoh gastropoda 
aa Thai a. 

Production of oyatere on the east coast of Mexico is of the order of 1,000 tona, but it ia 
not recorded separately from the greater weet ooaat production. Both Lindner (1950) and Carransa 
(1962) conaider that there ia a much greater potential and Lindner stresses the need to give 
attention to seed production. Five thousand tona ia probably an under-eetimate of the potential 
with good cultivation* 

Gaatropoda 

Periwinkle: Li tsarina app.s 100 tona - USA 
Conch: Strombus maximus: 1,800 tona - USA 

The catenae of gaatroppda are email due to lack of intereat in thia group. Whelks are 
abundant in the north and caught on Georges Bank, but not retained. There are no aba lone a of 
commercial aise in the area (Cox 1962). 

There ia little doubt that considerable quantities of thia group are present and there would 
appear to be conaiderable scope for investigating their potential and markets. 

Regi on IV - Ca ri bbean t 6,300 tona - ialanda and mainland, excluding USA and Mexico 

The Central American Caribbean ooaat and the off ah ore ialanda carry a very great variety of 
molluscs widely collected for the aise and beauty of their shell e, but few are exploited for 
food. While a range of potential food species appears to be present, few if any appear to occur 
in dense or extenaive bade aui table for lerge acale exploitation and only the conch is widely used. 

Gastropods; Ho records of landinga available 
Conch: Strombua aiaaa 

Strombus costs tus 
Weat Indian top shell or whelk: ^ittarium (^yona,) pica 

Concha are common throughout the area and . gjgaa is an important source of protein on 
the Bahama Islands where considerable but unknown quantities are landed. Smeller quantities are 
caught on the other islands and on the mainland especially Honduras. 

The large mean aise of virtually all Strombus aigas landed suggests that exploitation is 
nowhere intense and considerable increases in production would be poesible. 

The Weat Indian top shell ia widely dispersed through the Caribbean and forma a staple local 
food (Voaa 1968). It forma a small fishery in Honduraa where it is used for chowdere. Voss sug- 
gests that the exploitation of thia apeciea could be considerably increased. 

Scallops; No records of landinga available 

Small numbers of an unrecorded scallop are landed in the Bahamas. The potential 
landinga of scallop are unknown. 
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dams. Coo^i aa and Arc shell a i 4 300 tons 
Arc shell i Area oooidentaliat Venesusls, Puerto Rico 
Hard olsms Donf| denticulate Honduras 

The only fishery for olsms for whioh landings are recorded is that in Vanaauala for the 
arc shells (pepitonae and pata de cabra), but intertidal olams are also fished on a small scale in 
Honduras (FAO/UH 1963) and Puerto Rico (Fiedler fj fl* 1957). 

Mensel (1968) suggssts that there is s good possibility of establishing olam fisheries baaed 
on artificially reared American hard clams (Maroanaria marcenarial or hybrids batwaan this and 
the more southern speoiea, g. campaohiana^a. 

The extensive beaches and lagoons between Mexioo and Venesuela can be expected to yield 
substantially greater landings of olams than are obtained at present and could also be used for 
culture based on artificial rearing. 

Mussels t 300 tons 
Pern pernaj 300 tons - Vsnesuela 

At present mussels are only exploited in Venesusls where the fishery is on a small soale 
from natural beds and the mussels are used for canning and direct consumption. Since 1960 experi- 
ments hsve been made to try out raft culture, but so far tha re have been problems with making 
durable rsfts, obtaining adequate quantities of seed mussels and adequate quality of the meats 
(Msrtines Bsoarbassiere 1968). It is difficult to foreosst the success of large soale musssl 
culture as the quality of the product will depend to a great extent on the adequacy of the food 
available in the water to produce good meats* High temperatures alone can result in rapid shell 
growth whioh may not be backed up by the fattening of the edible parts. 

Oysters t 3 9 700 tons 
Mangrove oyster i Craaaoatraa rhisophoraei 3 700 tons - Cubs, Venosuela 

The mangrove oyster is a small species present throughout the Caribbean and growing 
attached to mangrove aerial roots* Natural stooks are exploited in Cubs and Venesuela and in both 
count riee attempts are being made with some success to introduce cultivation (Jfikolic and Melfades 
1968, Vales 1968). Very heavy ssttlements of young oysters are recorded in some lagoons in Puerto 
Rico (Fiedler e al T 1957). 

There, would appear to be. oonaiderable acope for improving the cultivation of the mangrove 
oyster, though its small sise will militate against a substantial increase in yield. The possibi- 
lity of introducing faster growing warm water species suoh as g. ohilensis or virginioa should 
be considered provided artificially reared stock is available to avoid introducing pests and 
diseases* Also the problem of producing good quality meats may occur. 

Actual landings of molluscs in the Caribbean are probably around 15,000 tons and could 
probably be doubled by s more effective use of existing stooks of concha and olsms. The potential 
development of fsst growing species such as raft grown mussels and introduced oysters is uncertain 
until experiments hsve been made to estsblish whether the relatively poor phytcplankton production 
will be adequate to produce good quality meats. If this proves successful the production of 
molluscs could be increased greatly. 

Region V * Central and Southeast Atlsntiot reported production 1,600 tons - Morocco to 

South Africa 

FAO fisheries statistics covering African countries from Morocco to South Africa inclusive 
five only 800 tons of oysters for Senegal, 100 tons unnamed molluscs for Sierra Leone and 700 tons 
of abalonea for South Afrioa. 
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It in probable that oonaiderable quantities of molluscs art gathered at many plaoaa along 
thia ooaat for looal consumption but that tha landings art not raoordad at all or not separately 
from othar marina products. 



No oommaroial apaoiaa of acallop are raoordad but it ia probable that they will exist 
in tha eoolar waters of Southwaat Africa and axploration for them would ba worth undertaking. 

Clams 

No information haa baan found on tha utilisation of clama, but no doubt thara ara 
intartidal bivalvaa worth exploiting particularly in tha eoolar araaa of South Africa, Southwaat 
Africa and on tha ooaat of Morocco* 

Mussels 

No information ia available. 

Oysters 

A number of apaciaa of oyatar occur round tha coaat of Africa but all ara amall apaciaa 
and of limited commercial value. The apeciea exploited in Senegal ia not known. Xorringa (1956) 
examined tha potential for developing oyater cultivation in South Africa and concluded that of the 
native apeciea, Craaaoatrea margaritifera and Qatrea atheratonai were the moat promising, but 
auggeatad that the introduction of the Portugueae oyater, C. angulata, ahould ba triad. He conside- 
red that there were a number of coaatal lagoona that might~be aui table for oyater culture but that 
Knyana Lagoon waa the moat promising. Productivity of these lagoons waa considered to be high, but 
no estimate was made of potential production* 

Gastropods 

Abalonee are recorded all along the coaat of Africa and 700 tone are gathered in South 
Africa. It would appear that the fishery for abalonea might be very considerably expanded in South 
Africa and developed in other areaa. 

There can be little doubt that there are mollusc rt sources and poasibly substantial ones, along 
this long ooaatline that includes sub-tropical and temperate araaa aa wall aa tropical ones, that 
are available to be exploited. However, if exploration doea show a dearth of useful species than 
the introduction of appropriate onea ahould ba considered. 

Region VI- Southwest Atlantic: reported production 10,000 tone - Guyana to Argentina 
Seal lope i 200 tona 

Chlamva ( A rgo Deepen ) purpuratus 
Pec ten pa trie 

Small quantities of scallops are landed by Argentina. Reported landings reached a peak 
in 1964 of 800 tona, but aubaaquantly decreased to 200 tona in 1966. The cause of the decline ia 
not known (Cordini 1961, Ca resiles 1947). From tha geographical poaition of Argentina considerable 
stocks of large or smaller scallops would be expected. 

Clams. Cockles and Arc shall a; 2,000 tons 
Almejax Plateria rostrate 

Mesoderms rnactroides 
Chi one ant^ua 
Amiantia purrurata 
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Many clama are mentioned by Carcellaa (1947) and Cordini (1961) a* occurring along tha 
coast of Argentina but they do not occur in the landings whila 2,000 tona of unspecified olana 
ara landad in Brasil. Thara muat ba vary aubatantial unexpl cited atooka along tha ooaat of 
Argentina and no doubt graatar yialda could ba obtainad from Brasil. 

Huaaalat 6,200 tona 

Cholga: Aulocomyft atart 5,900 tona - Argentina 
Mejillonee: Mytilus platenaiat Argentina - 300 tona; Uruguay 

Tha fishery for cholga ia dona primarily by hand-gathering while tha roe Jill one a ara 
largely harvested by beam trawla (Cordini 1961 ). Nora info met ion ia required on tha axtant 
of currant atooka and their potential for development, but if tha demand waa praaant there seems 
little raaaon to doubt that production oould ba vary considerable, 

Qysterst 300 tona 

Ostraa aprata: 300 tona - Braftil 
Oatraa puelchsns 

0traa aprata ia a small oyster of 50-55 mm occurring throughout tha araa while 
Puslchana which raaohas 80-85 mm is limited to Argentina and eon them Brazil, Both apeciaa 
ara oonaidarad auitabla for exploitation with 0. pualohana baing of particular valua for cultiva- 
tion (Agaitoa ds Castellanoa 1957). " 

Gastropods 

Thara ara no recorded lend ings of any gaatropod from thia area. Abalonaa ara not 
praaant in thia araa but thara will oartainly ba othar species auitabla for exploitation. 

B. IHDIAN OCEANi total production 2,000 tona - South Afrioa to Burma 

Published information on landings of molluscs from Saat Africa, Madagascar, tha Arab countries, 
India, Pakiatan and Ceylon amount to only 1,400 tona from Cay Ion moat of which ia probably paarl 
oyatara and 500 tona from India with no information on tha apaciaa concerned. By contreet, recorded 
production for Malaysia, with similar oonditiona to many Indian Ocean count riee, waa 20,900 tona, 
mainly from cockle culture. 

Along tha east ooaat of Afrioa and tha coaata of India and Pakiatan thara muat ba vary 
aubatantial unrecorded gathering of molluaoa for personal conaumption or for aala in local markets, 

Region VII - Western Coaata - Afrioa and Arabia 

Pa tit (1930) records a number of species of gastropod, clam, oyatar and muasal that ara 
gatharad for food in Madagascar, but thara ara no da tail a of tha yialda of aach or of all tha apaoiaa 
together. It appaara that any molluaoa uaad ara gatharad by hand* Thara ia no indication of tha 
potential of tha island. 

Ho data hava been obtainad for tha Bast African or Arab oountriaa. 

Region VIII - Northern coasts - Wast Pakiatan to Burma 

It ia avidant that thara ia a vary considarabla variety* of adibla molluaca on tha coests of 
India, Pakiatan and Ceylon, but authoritiaa (Rao 1958, Panikkar 1966) agree that whila they form a 
valuable subsistence fiahary, aapacially whan tha fishing boata ara unable to gat out, tha reeources 
ara only lightly axploitad. Panikkar (1966J writaa that in tip Indian Ooaan molluaca of far great 
copa for tha future as thay ara capable of giving vary high yields from tha shallow ooastal srsaa 
of tha tropical sesa. However, little information ia availabla on tha fiahariaa for tha different 
species availabla. 

In tha reply to a queationnaira on adibla molluaoa organiaad by tha Indo-Pscific Piahariaa 
Council (IPFC/C58/HP 19; tha following apaoiaa wara liatad aa frequently uaad for food in India s 
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Cookla clam i 

Cookla clams 

Thioh ahallad clams 

Common baokwatar olami 

Black olams 

Lon aiphonad olams 

Falaa olams 

Falaa olams 

Ridgad olams 

Larga wadga olams 

Small wadga elan i 

Rasor ahalls 

ire ahtll: 



Orn auaitl 
Brown nuasal 



Common by a tars 
Rook oyatars 
Flat oyataras 
Cranulatad oyatars 
Oaatropoda s 



Crafarium 
Circa aoripta 



Yillorita 
latalyaia op|am 
Pa phi a mannorata 




Maaodaana itlabrotua 
Donaa aoortum 
J. ounaatua 
flanjfuinolaria diohop 
Area ^ranoaa 

Parna viridia 



Cr^aaoatraa 




diaooidaa 
oriatagalli 



Tha little bottom ahalls Umboniua vaatiaaium 

Rook whalki Thai a buffi 

Rook vhalkx 2* yttdolphi 

Chanks Xancua a pp. 
Seal lo pat 



uddy araa f aouth^^aat 

amddy araa, aouth^aaat 

widaapraad 

abundant 

waat ooaat aatuariaa 

widaapraad 

aurf-scna 

aurf-iona 

aurf-iona 

aurf-iona 

aurf-aona f abundant 

aatuarina 

noddy baya 

widaapraad 
Xarala araa 

abundant in aatuariaa 
aaat and waat eoaata 
Bombay ooaat 
aaat and waat ooaata 

Bombay ooaat 
rooky ooaata 
rooky ooaata 
axtanaiva bads 



Vo rafaranoa haa baan found to any aoallopa bainf aatploitad. If thara ia no fiahary 
thia may ba dua to any acallopa occurring baing a littla offahora and, tharafora, not known to 
thoaa fi aha man aimply gat baring ahallfiah along tha ahoralina and in aatuariaa* 

Clama: 

In hia briaf daaoription of tha molluaoan fiahariaa of tha waat oca it of India, Rao 
(1958) atataa that tha elama, Maratriac fiitt fl* mara^ri, Katflvaia ap and V^llofPita evprinoi^ 
ara tha principal apaoiaa gatharad, all baing pradominantly aatuarina ipaoiai and abundant in many 
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of tha backwaters. Rahaman (1965) refers to tha claw ftmax ounaatua ooouring widaly in tha 
Madraa araa and beyond and suggests that it could ba much more widaly used. Alagarawami (1966) 
raporta that SfiOIZ PP * vtr y common in tha Oulf of Mannar, Southern India ,~lmt 'ara only lightly 
axpl cited. Tha aain apaoiaa * Dona* faba which grows faat to about 22 mm and ia commonly found 
in tha araa at 100 to 200/*2,but J. cunaatua and J. incamatua ara fraquantly found in tha aama 
araa. Tha Bind ooaat includaa a natwork of aaltwatar oraaka tx tend ing for aoma 120 mi whara olama 
and oyatara could ba more intanaaly uaad (Quraahi 1954), and poaaibly oultivatad. 

Tha Rator ahall Solan kampi ia tha baaia of a looal fiahary in Kahraaha Btata on tha waat 
ooaat of India (Rao f al. 1965). 

Muaaala 

Tha graan muaaal (Mvtilus viridia - Parna viridia) ia widaly diatributad on tha aaat 
and wait ooaata of India, whila tha brown muaaal ia limit ad to tha aoutharn part of India (Rao 
1958)* Both apaoiaa ara vary good food and form a aubaiatanca fiahary of conaidarabla but unknown 
magnitude (Jonaa 1950, 1968)* Thay ara common in tha intartidal aona and to a dapth of about 
6 a wharavar tha coast ia rooky, and ara gatharad by hand whara axpoaad and by diving aa thaaa 
ara depleted, uaing a wooden-handled chiaal. Growth ia faat, muaaala aattling in June being 
6-8 cm long and raady to harvaat during tha following wintar montha, December to May. 

In Tallieharry, which ia probably tha moat important cantra, aoma 2^4 tona ara landad a day 
by a fleet of 30 dug-out oanoaa. There ia a great demand for tha muaaala and there ia olaarly tha 
baaia for a vary aubatantial development of thia fiahary by tha introduction of aimpla cultivation 
methods which inoraaaa tha available stocks. There ara problama of praaarvation of thia vary 
pariahabla produot under thaaa hot conditions, but thaaa ara being invaatigatad (Jonaa 1968). 

Ovate ra 

Four apaoiaa of Craaaoatraa ara widaly pratant in India - . cuoullata ia common on 
rooky ooaata, . diaooidaa oocura on tha literal aona of coaatal araaa, whila C. grvphoidaa and 
fi. madraaanaia ara to ba found in tha aatuariaa (Rao 1958). Durva and Bal (1962) hava atudiad tha 
growth rataa of tha lattar two apaoiaa and find that . gryphoidaa. which ia common on tha waat 
ooaat raaohaa a markatabla aiaa of 6-7 cm in two yaara whila . madraaanaia raachaa 7 cm in 1/2 to 
2 yaara and ia uaually marketed at tha and of tha aaoond yaar of growth or in tha middla of tha 
third yaar. In apita of their ganaral abundance, in moat araaa tha oyatara ara not extensively 
uaad. However, thara ia a tradition of oyatar growing in parta of Waat Pakiatan (Khan 1962) 
in which aaad oyatara were t ran a pi an ted to good growing araaa, but currant production ia low. 

With thaaa faat growth rates and tha normal abundance of thaaa apaciaa there would, aa with 
muaaala, appaar to ba tha baaia for greatly expanded uailiaation and cultivation* 

Gastropods 

Tha only information found ia that gastropods ara only apaamodically gatharad for food 
and that tha moat important ara probably Thais spp., Umbonium vaatarium and Natioa app. (Rao 1958). 
Thara would, therefore, appaar to ba conaiderable accpa for incraaaad fishing on thia group. 

C. PACIFIC 

Region. IX * Northeast Paoifioi rapcrtad production 50,400 tona - Alaska to Maxico 
Soallopn Ho recorded landinga 
Bay scallops Pactinopactan carinua - Alaaka 

Tha only apaoiaa of scallop recorded in quantitiaa sufficient for exploitation ia tha 
Bay aoallop which has been tha subject of exploratory fishing in tha Oulf of Alaaka in vary recent 
yaara. Scallcpa hava bean found to occur throughout tha surveyed araa from Alaska/Canadian boundary 
to Xodiak Island and oatohaa hava raaohad 7 bushels of larga scallops for a 45-nin. haul with 
two 3.5 n dredges (Haynes and Powall 1968). It ia axpactad that a aubatantial fiahary can ba 
davalopad for thaaa scallops which might eventually rival tha Oaorgaa Bank fiahary and yiald between 
10 and 100,000 tona liva waight. 
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Clams. Cookies and Arc Shells* 2,800 tons 

Butter olam (northern) 8 Saxidomus gjganteus; British Columbia, USA, Alaska 

Butter olao (southern): Saxidomus nuttali i USA 

Rasor olams Silioua pa tula i Alaska, British Columbia, USA 

Lit tit ntokJ Protothaca stamineai British Columbia, USA 

Japanaat or Manila olami Tapes aemidaouaaatai USA 

Piamo olamt Tivala atultorum: USA, Mexico 

Oapers: Traaua nuttali; USA 

Soft olan: Mva arena ri a: USA 

Oeoducke: Panope gene roes ; British Columbia, Mexico 

Jaoknife Tag clue oaliforneanus; USA 

Although tome 35 apeoiea are oonaidered aa edible (Amoa 1966), only a few apeoiea are 
harvested on a large acale to enter state statistics, about 60 of the landings being made up of 
five, the butter clam (two apeciea), rasor clam, little neck and Manila clam. While the recorded 
landings are 2,800 tons, these are all from the commercial fisheries and it is probable that a 
further 2,000 or more tone are gathered in the aport fishery which is very popular in the USA 
and particularly in California and Oregon. 

In Alaska there are considerable quantities of clams, especially butter clams and rasor olams 
and Quayle (personal communication) puts the potential production of clams from that state at about 
6,000 tons, though there is periodic paralytic shellfish poisoning which will make their use, and 
particularly that of butter clams, difficult. 

Bicker (1?61) estimated that the potential clam production of Britiah Columbia ia about 
2,300 tons comprising 1,600 tons of butter clama, 470 tone of little neck olams and 230 tons of 
rasor clams* A more recent estimate by Quayle (peraonal communication) gave the slightly higher 
figure of 3,000 tons for the three species. The largest Pismo olam ia limited to California and 
Mexico and while it is harvested in considerable numbers in Mexico (600 tons) it does not appear 
to be capable of supporting a large fishery in California, stocks having been rapidly reduced when 
large scale gathering started, and the fishing is now restricted to sport fishing only. 

It is probable that the yield of gapers (Tresus nuttali). butter clams, little necks and 
the Manila clam can be increased in the Washington and Oregon areas but with conventional methods 
it io not likely to increase greatly. 

Olude (1968) oonaidera that clam production in the Pacific ooaat of the USA can be helped 
by the development of private olam farming for butter olams, little neck and Manila clams, while 
razor clama and pismo clama are beat kept aa public resources. 

At present nearly all the clama on the weat coast of America are harvested by raking and 
digging in the intertidal xone and as a number of the important apeciea including pismo, rssor, 
butter clams and gapers extend well below low tide level, it can be anticipated that the development 
of mechanised methods of harvesting including dredges based on the hydraulic principal would 
increaae the yielda from the intertidal sone aa well as make available what are probably very 
substantial reaources from below low tide level. 

If theae methods were available the yields from the area might be expected to reach 20.000 
tons. 

Mussels: No recorded landings 



MYtllUP ealiforniftn^s i very common throughout the area but there is no tradition of 
eating mussels and few are harvested except for personal use. 



Q 



KRS/T97 235 

It it probable that very substantial .annual yielde in the order of 10,000 tons would be 
possible from harvesting prsssnt stocks, with soma relaying at low tide levels to get good fattening, 
if the markets were available. However, there is the problem of paralytic shellfish poisoning, 
particularly in the northern part of the area, which oould restrict sales to the winter months or 
require a monitoring service to ensure that toxic muasels were not sold* 

Oysters i 38,600 tons 

Paoific oyster: Crassostrea giflas: 36,000 tons - British Columbia, USA, Mexico 
Eastern oyster: Craseoatrea virgin! ca; 100 tons - USA 
Olympia oyster; Ostrea luridat 15 tons - USA 

The native oyster of this coast is the Olympia oyster (. lurida) a email species which 
is only abundant in Puget Sound where it still forms the basis of a small fishery. The fishery 
is maintained in a good state as the flavour is much esteemed and it fetchea high prices. It is 
likely in the future to contribute more than a few tens of tons to production as large scale 
oyster production is now firmly baaed on the very productive Paoific oyster* 

The Kastern oyster was imported to California in 1869 and Washington in the 1880s where it 
formed thtTbaais of a flourishing industry in both state's (Barrett 1?6*3) Production in California 
fell drastically after 1904 due to pollution of the two main production areas, San Francisco 
Bay and San Diego Bay, but has recently been reestablished on the basis of imported Pacific oyster 
seed from Japan toHiunboldt, Tomales, Drakes and Morro Baya. Annual production runs at about 
4,000 tons* The Paoific oyatere fail to spawn in California waters and therefore the fishery 
remains dependent on imported seed. In Washington the Paoific oyster from Japan has alec replaced 
the Saatern oyster and production baaed on Puget Sound, Willapa Harbour and Orays Harbour, the three 
main inleta, is running at 27,000 tone; 3,000 tons of Pacific oyster are alao produced in Oregon. 
Experiments are proceeding to increase the proportion of locally produced seed as the supplies from 
Japan are costly and not always satisfactory. 

In British Columbia only Pacific oysters are grown and the current yield of 5,700 tons is 
largely from imported Japanese aeed. 

In all these areaa cultivation is baaed on growing oysters on the Bottom by traditional 
me t hod a f but experiments are being carried out in British Columbia and Washington to increase local 
aeed supply by artificial collectors suspended from rafts and these are meeting with considerable 
success. The artificial rearing of Pacific oysters by a private company is progressing in 
California with the aim of overcoming the aeed supply problem there. 

If these experiment* are successful and an adequate supply of seed oysters is assured the 
production will be able to increase substantially and will be primarily limited by demand. While 
official statistica show a total production of 38 v 600 tone for 1966 from this area, Quayle (personal 
communication) estimates that in 1968 the production on the whole of the Pacific forth America coast 
is running at 60-70,000 tons (British Columbia 9,000 and USA 45 t 000 tone) and that this total could 
be doubled with the right economic stimulus and adequate aupplies of seed at acceptable prices. 

Experiments to rear the European flat oyster Ostrea edulia are being carried out in Alaska 
(Raynes and MoCrary 1967) and in Washington (Westley 1967) to supplement local production. In 
California commercial growers have recently begun culture of European flat oyster in Drakea, 
Estero and Norro Baya. 

gastropoda: 9,000 tons 

Pink Aba lone: qaliotia corrusata - Mexico, USA 

Red Abalone: JJ. rufesoens - Mexico, USA 

Oreen Abalone : fl. fulaena - Mexico, USA 

Pinto Abalone: H. kamchatkanat few - British Columbia 

The only gastropods caught in any quantity are the abalones and the 9,000 tons produced 
annually are based about equally on three species, the red, pink and green aba lone a. 
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There are no abalonoe on the mainland of Mexico and none in the Aleutian I el end e (Cos 1962). 
Two epeoiee fl. kamtohatkana and J. walallenaia extend from Southern Aleeka to California, but 
are not sufficiently abundant to form important fiaheriea (Livingstone 1952, Quayle 1962)* light 
epeoiee ooour in Calif ornian watere and moat extend aouth along Baja California, but no further* 
Only red f pink and green abalonea are euffioiently large and abundant to make a aubatantial 
contribution to landing* f the pink and green being meet important in Mexico and the red and pink 
in California. All harveeting ia done by diving along expoaed ooaata from the intertidal aone and 
down to aome 60 ft, though both red and pink abalonea do extend to ooneiderably greater depthe, but 
in reduced numbere. It ie unlikely that any aubatantial OB to bee will be poaaible for the epeoiee 
other than the three that are at preaent important , but with theee there doea not appear to be 
evidence of too heavy exploitation and yielda oould probably be inoreaaed "by 50$ or perhapa 
doubled by more intenee fiehing while maintaining auitable minimum eiae limita. The variety of 
local legislation relating to fiehing for abalonea appeara to be unneoeeearily reetriotive. 

Region X - Worthweet and Western Central Pacific i reported production 830,000 tone - USSR 

to Malaysia 

Thia very extenaive area inoludea aeveral countries with very great landings of moll use sj 
Japan lande 550,000 tons, Korea 107,000 tone and Thailand 102,000 tone, while Malaysia, Taiwan 
and the Philippines land between 10,000 and 25,000 tone each. Furthermore, no information ia 
available for Mainland China or the multitude of email er Pacific ialanda and aome of the larger onea 
and little for the Pacific ooaat of the USSR. 

Sea 11 OPS t 10,200 tone 

Pec ten vassoensisi Japans 7,400 tone; USSRi 3,500 tone 

The oat oh of aoallopa in Japan declined from 19,000 tone in 1958 to a minimum of 5i?00 
tone in 19&5; the 1966 catch waa alightly higher* The reasons for theee ohangea are not known 
but may be due to variation in year-claea atrength. In Japan a oonaiderable number of scallop 
apat are eettled onto euepended ahell col lee to re from which they may be tranaported oonaiderable 
distances for relaying (Cahn 1 951 \ but thia apparently haa not reduced the fluctuations in 
abundance of the grown a took* 

The USSR oatoh ia from the area south of the Kuril Ialanda (ivanov and Strelkov 1949)* 

There ie little doubt that thia apeoiaa and probably other aoallopa ooour in commercial quan- 
tities in other parta of the wee tern Pacific. Exploration for aoallopa off Taiwan (Pormoaa) would 
be worth attempting* 

Clams. Cooklee and Arc Shell s: 244,800 tone 

Aaaris Yenerupia semi dee ouaatuat 129,000 tone - Japans 110,000j Koreas 19,000 
Hamagurit Meretrix meretrixs 16,300 tone - Japan, Korea 
Hokki-gait Maotra aacohalinenaias 8,700 tone - Japan 
Magai, cookie t Anadara auberanatat 45,000 tone * Japan 36,500; Korea 8,00p 
Kerangt ftnadata, granoeai 24,500 tone - Malayaia 

Over most of the world olama are harveated with little or no cultivation or conservation, 
but in Japan, Korea and other parta of the area the gathering of apat from areas where the young 
have settled from the plankton in great numbere and are very denae and relaying them at lower 
denaitiee in areas where they will grow faat ia the standard form of cultivation. Thia procedure 
takea full advantage of the faot that the eettlement of many of theee mollueoa ia typically very 
patchy, locally very denae and often in a res a where the beat eubeequont growth ia not obtained. 
If left unthinned at the high denaitiea growth oan be considerably reduced. In Japan (Cahn 1951) 
thie transplanting of the eeed olama (often only a few millimetres long) to private laya, ia 
standard practice with Meretrix meretrix. Yanerupia aemideocuaaatua. Anadara auboranata. Anadara 

ich 



granosa end Alliai laponioa,. It ia probable that thia method which haa alao been found successful 
for Anadara, rjoja, in Malayaia (Pathanaali and Soong 1960) oould be even more widely used with 
euoceea. In Malayaia thia method etarted in 1948; total production reached 24,500 tone in 1966 
and ie etill increasing. 
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The present techniques depend on a great deal of manual labour and while this nay atill be 
economically acceptable in acme countries it ia not likely to be acceptable whan the atandard of 
living riaaa or in countries where wagea are already high. However, it ia probable that the har- 
veiting of those young clam a could ba dona avan more efficiently and with laaa mechanical damage 
if hydraulic type dredgea were developed to meet the aituation. 



|t ovtr 53,000 tona - Thailand: over 50,000 tona* Korea i 4,700 tone, USSR 
Mytilua amara/tdinus 
craaaitaata 



The two main apaoiaa of nuaaal harvaatad in tha Horthweat Pacific do not produoa a 
major fiahary anywhere on tha aoala that . adult a doaa in Euro pa, or tha muaaela in Chile* Cahn 
(1951) iuggeate that in Japan thia ia dua to the much greater popularity of othar molluscs. 

In tha Philippinaa, however, the programme of development of muaaal culture, using g* amarag- 
dinua haa baan progrcaeing for 7 years and the reaulta are encouraging though no annual yield 
figurea are available, Backiel (FAO Fiaheriea Travel Report FRi/TRAM/95) reporta that it ia 
estimated that the yield will be around 100,000 gall/ha/year, . amarafdinua ia alao 
indiganoua in Malaysia, and both environmental and economic fee tore for large-ecaie culture, on 
the flat, or hanging culture aeem favourable* 

The recorded production of molluaoa for Thailand ia 102,000 tona but thia ia not broken. 
down into species. However, it ia believed that about half of thia total ia of muaaela. There 
aeema to be no reaaon why muaael culture ahould not be carried cut on a large acale in many 
oountriaa in thia area, but there doea not appear to ba the demand at preaent. 

Ova tare: 263,000 tona - Japans 231,000 tone; Koreas 51,700 tone f Taiwans 10,300 tone} 

Philippine a 



Craaaoatrea &&& Japan, Korea, Taiwan 

fillffJA givuleriet Japan 

fi* denaelamelloaai Japan 

fi n^pponai Japan 

ecfrinatai Japan 

fi ire^aleii Philippinea 

malebonenaiat Philippinea 

fi* pejlmipeai Philippinea 

Where there are aome 17 apeciea of oyatera in the Vorthweat Pacific and amall quantitiea 
of 5 apeoiea are harvested in Japan, Craaaoatrea it vez 7 faet-gr owing eaaily grown and 
palatable oyater aocounta for well over 90$ of the annual production of all countriea in the area. 

Oyster culture haa reached a higher atage of development in Japan than in any ether country, 
but there ia atill present all atagea of development of the culture from the harvesting of the 
oyatera untouched from the time that they aettled aa apat on atonea or shells, to a carefully 
controlled ayatem one of the main featurea of which ia the separation of the production of the 
seed from the growing on and fattening of the product for market 

Production of oyatera for food in Japan is now running at around 240,000 tona a year, apart 
from the considerable quantitiea of ieed oysters exported tc other countries, and haa remained 
at thia level for four yea re. It ia probable that thia output ia near the maximum aa meat 
suitable areas for rafta are already taken up and it ia found that there ia need to move the 
rafts at intervals or output deoreaeea. 

However, in Korea cultivation of natural bada ia being increasingly supplemented by raft 
tyle collectors for aeed production (Kim 1962s) and output exceeded 50,000 tona in 1966. Tha 
output haa been increasing very rapidly and seems probable to con time to dc ao. 
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In the Philippines oyster culture it being encouraged by the Phi Ip pints Fisheries Commission 
Program* and 1,000 ha in Manila Bay are now leaeed in email plote to private growers. There are 
1,000 aoree leaeed for oyster cultivation in other regione all over the country (Backiel FRi/TRAM/95). 
It ia considered that the poaeibilitiee of further expanaion of oyster culture are limited in Manila 
Bay and other areae by the ahortage of eui table grounds and that the 1966 production of about 20 
million baakete/year ia probably about half of the potential. 

Taiwan hae a production of 10,300 tone and Tiewe (1965) haa recommended that Thailand ahould 
further develop ite oyster culture* 

It eeeme most probable that there are many sheltered areae suitable for oyater cultivation 
both on etioke and with hanging culture throughout the Southeast Asia complex of ielanda and 
ooaetal mainland waters and the total production of the area could be several times even the 
present high output* 

Gastropoda! 18,300 tons - Japans 12,500 tons; Korea: 5i400 tone; Malaysia i 500 tons 
Abalone Haliot^s figanteat' Japan, Korea 
kaatschatkana i Japan 
B divsreicolort Japan 
Turbo oprnutus: Japan, Korea 
8 trombus cans ri urn 8 Philippines 
Me^ongena SPD.I Philippines 

Aba 1 ones are present throughout the area and might be expected to be capable of conside- 
rably greater yields* Much greater catches would aleo be possible for the variety of other 
gaetropods available in the area. 

Region XI - Southeast Pacific reported production 51,000 tons * Panama to Chile 
Scallops 
Os t ion Chlamvs (Araopeoten purpurata) * few - Chile 

Intensive fishing of the ostion in the area Valparaieo to Coquimbo (Chile) has lead to 
severe reduction of stocks and commercial fishing has been prohibited between Arioa and Valparaiso 
since 1958* It is probable that this and other species ooour fairly widely along this coast* 

Clams i 9,700 tons 

Taoa, almeja or hard clamt Protothaea t ha eat Chile 
Almejat Eurh ornate a SP* Chile 

Almejas Ameghinomya sj>. : Chile 

Maoha, soft clam: Me s ode etna donacium: Chile 

Several species of hard clam (almeja) are fished throughout Chile with the Chiloe area 
being the most important. The soft clams (macha) are aleo widely distributed along the coaet of 
Chile but are exploited chiefly in the central one* 

The potential of theee species has not yet been sssessed for Chile but it is certainly far 
greater than is being realised at present* There are also likely to be eubetantial stocks of theee 
and other clams and oocklee along much of the coastline of Peru and probably aleo leuador and 
Colombia, both in terti dally and for some distance below low water mark* 

Exploration for commercial concentrations of clams along those parts of this long coastline 
that are shallow and sandy would probably be rewarding* 
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Mussels: 22,700 tons 

Cholgas Aulooomya star; Chile 
Chorito: Mytilus; Chile 

There is virtually no mussel fishing in Colombia or Peru. Some sublitoral oholga are 
taken in the north of Chile and experiments in raft culture are being made in thia area. 

However, south of Puerto Montt the Chilean coastline comprises very many islands and deep 
fjords with some shallow bays. Here there is a substantial production of the oholga mainly 
gathered by diving. Stocks of cholga and chorito in the Chiloe area have almost been exhausted, 
but some virtually unexploited areas still exist south ot the Oolfo de Penas* The very large 
mussel or choro (Choromya choro) has in the past formed a useful small fishery (379 tons in 1962), 
but the stocks were reduced by heavy fishing and since 19*1 commercial fishing haa been prohibited 
as a conservation measure* 

Attempts are now being made to expand the mussel fishery and to develop mussel cultivation 
and it would appear that this part of Chile is ideally suited to the large scale development of 
hanging culture* The coastal waters are rich in plankton, temperatures range between 12 and 
18C for moat of the year; there is a good tidal movement but not excessive currents and there 
are hundreds of miles of deep sheltered water. 

Investigations are required to determine suitable areas for the settlement of spat and the 
months when this normally occura, because the successful large scale culture of mussels will depend 
to a great extent on the availability of adequate, reliable supplies of seed. 

Communications are bad in this area and a viable production may depend on cultivation being 
on a sufficient scale for the industry to provide its own transport to processing centres. 

If these problems can be solved there appears to be no biological or physical limit to the 
potential production in the area until rafts fill the many miles of sheltered waters. Suitable) 
sheltered areas appear to extend for some hundreds of miles, but further south temperatures are 
reduced and communications become worse. 

Oysters i less than 100 tons 
Oatrea ohilensis 

Os tree ohilensis ia present from north of the Equator to the south of Chile and has formed 
the basis of a small fishery around Chiloe. 

The sheltered fjords and bays of southern Chile appear ideal for the hanging culture of oystera 
and production there could be very great, provided adequate seed were available. The Chilean oyster 
has an advantage that its pelagic larvae settle almost immediately after they have left the parent, 
so it may be less difficult than for other species for seed production to be developed on a large 
scale. This production could provide the basis for a major industry. 

The next few years should show how suitable >. chilensis is as a species for culture on a 
large scale. If despite its advantages a reasonably rapid development proves impossible, it would 
then seem worth examining the advantages of introducing one of the faster growing Crassostrea species. 

As this area, on superficial examination, appears to be one which could become a major oyster or 
mussel producing area of the world, it would be wiae to take precautions leat hasty introduction of 
adults also brought parasites, etc* that seriously harmed the development of the area* 

Gastropods! 3,400 tone 

cormholepae (loco): Chile 



The recorded catches of gastropods comprise largely the loco from central and southern 
Chile, a large gastropod feeding over the surfaces of rocks, which is caught primarily by diving. 
There may be substantial stocks of this species in the rooky coastline in southern Chile, but due 
tc the difficulty of harvesting it is not likely ever to form a major fishsry. 

Thttil and Eaccinid whelks occur in Chile but they are fished only for local consumption and 
their true potential is unknown. 

There are no abalonea along this coastline south of Mexico. 
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Region XII - Australia and ew Zealand* 34,000 tons 

Scallop: 12,700 ton* 
Auatralia 

Saucers Amusium ballotit 300 ton* - Queensland 

Pec tan alba i 12,000 ton* - Victoria 

Doughboy i Mimachlamys aaperrimuai - Tasmania 
Commercial! Notovola meridionalist 400 tons - Tasmania 
Queens Bcruiohlsmys bifronsi - Tasmania 

The history of scallop fishing in Australia has to data bssn ons of intsnss exploitation 
of naw grounds until ths maximum sustainable yield has been exceeded and the fishery has required 
complete or partial resting for rehabilitation* 

The number of dredges around Taamania haa shown fluctuating increase from about 30 prior to 
1930 to between 200 and 250 sinoe sbout 19J8. The total yield of scallops by numbers hss also 
increased from around 400,000 in 1930 to 2.5 to 3 million sosllops sinoe 1955 (Harrison 1965). 
However, this expanaion has masked several major changes in ths fishery. In 1933 the expanding 
fishery was largely on ths moderate sited Doughboy sosllop (Mi mac hi a my a asperrimus) in ths 
D'Bntreoaeteaux Channel* These declined and around 1940 the fishery turned to the larger Commercial 
scallop (Hotovols msridionalis) which was on ths increase in the same area. This species was 
intensely exploited and catches rose to s peak in 1947 9 but subsequently fsll stesdily until 1952. 
Areas wars temporarily closed and catches rose to over 1,000 tons but fell sgsin to a mere 5*5 tons 
from the Channel in 1964* However, by this time sosllop fishing wss spreading to other areas on 
ths east and, north coasts of Taamania such that total yielda .increased and Mohed 2,600 tons in 
1962/3 only to fsll sgsin to less than 400 tens in 19*5/6* 

It would appsar probable that with management of effort and minimum sises a sustsinable yield 
in excess of 2,000 tons/ysar could be achieved for the coast of Taamania as a whole. 

A similar pattern appears to bs developing for the Victorian fishery for jcjfn. alba in Port 
Philip Bay, where yields increased to 12,500 tons in 1965/6 from virtually nil in 1962/3 and whsrs 
according to Saadera (196?), ths catch per unit effort is continuing to fall stsadily and the offer 
ia now too great. The austainable yield is probably in the vicinity of 10.000 tons live weight. 

In Queensland fishing for sauosr scallop, Amu alum balloti. by trawl has developed as a sidslin 
to prawn trawling and could give substantially greater yields. In West Australia there is little, 
scallop fishing though there is evidence of substsntial stocks of sauosr scallop in Shark Bay. 
However, it is probable that there is s series of stocks of seversl species of scallop around 
much of Australia and if ths minimum sisss snd ths fishing effort or the yield were controlled to 
ths optimum, the annual yield of ths country could probably be maintained in excess of 30,000 tons. 

In Hew Zealand there is as yet no significant scallop fishery, but there is little 'doubt that 
stocks of commercial density will exist, for Tunbridge (1962) reported that in ths past scallops 
were as common ss oysters in Tssman Bay. 

Claaat 120 tons 
Austrslia 

Pipis ; Plebidonax deltoides 
Hew Zealand 

Pipis i AmphidesiEs australist 

Cockiest Chi one pfrflftnMii t 
xtttxuz T 

Toheroai Amphideema ventriooamns 
Tuatuas Amphidesma 
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Thare it no information on clam resources around Australia, but it would ba vary surprising 
if thara wara no exploitable stocks, Exploration work ia merited. Only relatively amall quantitiaa 
of clams ara landad in New Ztaland. Toheroa (Amphidasma vantriooaum) on tha baaohaa of North 
Xaland (law Zealand) ara axploitad oomnaroially for canning and by tha public for thair own uaa. 
Tha yialda alumpad badly around 1938 dua to poor recruitment and fiahing ia now controlled by 
oloaad aaaaona and quota a, but annual yialda ara not published. 

Rapaon (1954) oonaidara that tha baaohaa of tha North Xaland oould produoa an avaraga 
150,000 Xb maati about 120 tona Xiva waight, par yaar, with aubatantiaX fluctuations dua to 
natural causes. Raoant aurvaya by Oraanway (1969) hava ahown that tha population! of Toharoa 
ara aubjeot to Xarga and auddan raduotiona in number* unraXatad to fiahing* Thara ia aoma evidence 
of aubXittoral populations (Waugh and Oraanway 1967). Othar apaoiaa of clam ara only gatharad 
on a vary anall scale for paraonaX use, though a recent resources survey suggests that thara 
ara substantial resources of oookXe, tuatua and pipit though no estimates of potential yialda 
ara given. 

Mussels i 2,200 tona 
Auatralia 

Mvtilua planulatua : 200 tona in 1966 
New Zealand 

Pama canalioulus; 2,000 tons in 1964 

No information haa baan found on tha praaant fisheriest>r nussels, or thair potentialities, 
apart from tha fact that they are regularly exploited on a small acala in Victoria. Landings in 
1966 were onXy haXf what they ware in 1962/3. The large green-lipped mussel Perna canal ^oulua 
(which reaches 16 cm in length) haa always bean in ready public demand and ia found extensively 
round tha Haw Zealand coast from mean low water of neap tidaa to at laaat 10 fm (Oreanway 1969 a.). 
Landings from dradging in tha Firth of Thames give increasing yialda until 2,000 tona were reached 
in 1961, following which the fishery collapsed and ceaaad in 1966. Aa ona area waa daplatad, 
o thara wara fiahad until all productive araaa ware daplatad* Recruitment appears to hava failed, 
dua to removal of all tha mussels among which tha young onea settled. 

Waugh (1969) estimates that there are aoma $0,000 acraa of ahaltered water in tha Narlborough 
Sound suitable for tha raft culture of mussels and preliminary experiments uaing . canal ioul us 
ara anoouraging aa growth ia very fast, 10 cm being reached in 18 months. Waugh suggests that 
an annual production of 260,000 tons might ba reached. 

An examination of tha potential for harvesting and cultivation in both countries would 
appaar to ba worth inyastigation. 

Oysters i 16,800 tona 
Australia 

Sydney Rook oyster* Crussostrea commercialism 6,710 tona 

Western Rock oy start C. tuberculatai 11 tona 

Oyster i Ostrea anaasi t 3 tons 
New Zaaland 

Dredged oyater Ostrea lutaria 7 f 500 tons 

Rook oyster t . (Saxoetrea) glomerata t 200 tona 

Thara has baan for many years a substantial industry for the Sydney Rock oyater in 
New South Walaa and the technology of spat settlement on fibre cement alata and their aubaaquent 
fattening on racka ia well eatablished. Pollution has become a problem but is currently being 
raaolved by tha uaa of cleansing in tanks where necessary. 
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There has been little attempt to extend oyster oultivation to new areas, though at tempt to 
introduce C. giaas from Japan to Tasmania have been encouraging (Thomaon 1959)* There would appear 
to be eoope for introducing . gjgas aleo to wanner wa tare than around Tasmania* 

There ia probably ecope for the development of oyater oultivation in Queeneland, Taamania 
and South Australia where at preeent there is virtually none* 

In Hew Zealand the fishery for flat oyetere ie limited to natural beds of Qstrei lutaria 
in Foveaux Strait (southern South Island) where yields have fluctuated between 5,500 tons and 
10, 000 tons during the last 10 years and is unlikely to produce much greater yields. However, 
other areas have not yet been exploited though Tssman Jay for instanos has been found capable of 
producing about 400 tons/year (Turnbridge 1962). To date no attempt has been made to farm them, 
though investigations into cultivation requirements are being undertaken* 

Rook oysters (Crassostrea glomerate) at present yield some 170 tons from natural grounds on 
the north east of North Island. Thia 250 mi coastline haa many bays where oultivation of rook 
oysters on s large scale would appear to be possible. In the Northland harbour a f Bay of Islands, 
Khangerei, the Auckland Harbour-Haureki Oulf area and Xaipara Harbour, Waugh (1969) considers 
there is sufficient foreshore and aheltered water to provide farming space to achieve yields 
comparable to N.8.W. Australia, i.e. at least 3,000 tons/year. 

gastropods: 1,300 tons 
Australia 

Abalones: Notohaliotfre ruber 
Schismotis laeviaats 
Kotohaliotis oonicopora 
Mariqsuris 
New Zealand 

Paua : Haliotis ivis 

The fishery for Abalones in South Bast Australia by diving is rapidly expanding 
(Anon. 1967) and shows no signs of reaching its maximum. Recent landings have been: 

1963/4 70 tons 
1964/5 440 tons 
1965/6 1,300 tons 
The most important species is Notohaliotis ruber which reaches ?V2 inches in length and can 



yield over 1 Ib of flash per animal. Sohismotis laeviflata and Notohaliotis oonooopora are also 
caught in small numbers in the southeast, while Marinauris roei is the commercial species of 
Western Australia. 

Abalones are also present in the waters of Queensland and the Northern Territory and so 
there appesrs to be the basis for considerable further expansion of this fishery. 

Practically all the catch is frosen or canned and exported to Malaysia. Japan and the 
USA. 

There ia no recorded fishery for Abalones in New Zealand though the Paua, which reaches 
6 inches (15 cm) across, is gathered locally on a small scale by diving. 

No carnivorous gastropods are utilised in Australia or New Zealand* 
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DISCUSSION 

1. PARALYTIC SHELLFISH POISONING (P.S.P.) 

From time to time and in widely different parti of tha world thara occur blooma of certain 
single-called plant* which produce within themaelvea a toxin which ia taken up by filter feeding 
molluaca and paaaad on to the consumer where it can cause aerioua illnaaa and death. Tha regularity 
and severity of the poiaonoua condition in any area can be of great importance in the utilisation 
of tha filter feeding molluaca of that area. 

The organisms producing the toxins are all Dinoflagellatee and species of Pony a ul ax have bean 
moat commonly and certainly shown to be responsible, though apeciea of other genera including 
Prorooentrum and Exuviaella are believed to have cauaed poisoning (Shilo 1964, Nakasima 1968). 
Tha blooma can develop very locally or over hundreds of milea of coaat and may be preaent for 
ahort or long periods of time, and though they are frequently visible by causing a red or orange 
discolouration of the sea t they do not alwaya do so. The toxin doss not harm most molluscs, but 
is retained in different tissues of the living molluscs from a few days to sevsral months at 
levels depending on the initial levels, the species snd ths temperature (Wood 1968)* 

Nusssls have been found to accumulate the toxins to highsr levels and to retain then for lon- 
ger periods than moat molluscs and in Europe they have been more frequently the causa of illneaa 
or death from paralytic shellfish poisoning than other filtsr fssdsrs. On ths Pacific coast 
of America where muss sis are little ussd it is the butter clam that has caused most trouble t due 
probably to tie retention of the toxin in the siphons for several months (Nagnusson and Carlson 
1951). 

There is no known method of detoxifying the living or preserved tissues and normal cooking 
only destroys some of ths toxin. 

The blooms are most frequent in the temperate to subtropical areas, aa seen in Table Q1, but 
rarsly occur during ths wintsr months snd in most arsas are sufficiently rare not to be a serious 
factor in the sals of filter feeding molluscs. 

However, on the Pacific coast of America the occurrence of paralytic shellfiah poisoning is 
sufficiently common to have prevented the uae of the large reaouroes of tha butter clam (Saxidomua 
isnteuf) in Alasksn watera (McFarren et al. 1960) and to have necessitated a monitoring system 
for clsms in British Columbia (Quayle 19^6jT The commercial harvesting of musssls from various 
parts of ths Atlantic coast of Canada is also prohibited seasonally as a result of the frequency 
of occurrence of unacceptable levels of toxin (McFarren et al. I960). 

In some areas therefore the occurrence of blooms of thess particular Dinoflagellatea eould 
prevent the utilisation of natural atocka or the development of cultivation of certain filter 
feeding molluscs (particularly mussels and certain clams) or could necessitate the routine monito- 
ring for toxins and the restriction of salea during parioda when the toxins srs above aooaptable 
limits. 
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Table Ql - Known oases of paralytic shellfish poisoning 1793- 1958 
(from MoFarren et ^. 1960) 



Locality 


Year of occurrence Number of caaes 


Number of dee the 


California 


1903, 
1927, 
1939, 
1948, 


1915, 1917, 1918, 
1929, 1932, 1936, 
1943, 1944, 1946, 
1954 


373 


30 


Oregon 


? 


1933 


>22 


1 


Washington 


1942 




3 





Vancouver, B.C. 


1793, 


1942, 1943, 1957 


60 


5 


Alaaka 


1799, 


1934, 1954 


119 


103 


Nova Scotia and 
New Brunswick 


1936, 


1945, 1957 


66 


2 


Maine 


1943 




>24 


- 


Quebec 


1948, 


1954 


9 


4 


England 


1857, 


1872, 1888, 1904 


>7 


4 


Wile*, Scotland 
and Ireland 


1827, 


1872, 1890, 1909 


60 


11 


Norway 


1901 




5 


2 


Prussia 


1885, 


1887 


22 


5 


Prance 


1907 




13 


2 


Belgium 


1940 




12 


4 


S. Africa 


1948 




several 


- 


New Zealand 


1951 




several 


- 


TOTAL 






792 


173 



- This table is only a summary of published information and may therefore not necessarily 
give a true picture of the relative incidence in different areas. For instance Medoof 
reports that in eastern Canada poisoning is a more syrious problem in Quebec than in 
Nova Scotia and New Brunswick, 
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General 

Tht latest statistics available to FAO are summarized in Table Q2. It should be emphasized 
that much collection and conaumption of molluscs falls outside the scope of precise statistical 
records in many areas especially where there is subsistence fishing; thus under-reporting 
is certainly not uniform either between areas, or between species groups* However, the pattern 
shown in Table Q2 of mollusc production is seen to be concentrated in a few areas and on a few 
sjecies, and is much greater than can be accounted for by any peculiarities in the statistical 
ay s tern* Of the totsl of 2 million tons, well over half consists of production in two relatively 
small areas - Japan, and the USA east coast. Of the rest some 20% comes from mussel production 
in two avsn smaller areas in the Netherlands and Spain. 

Within areas there is a similar lack of uniformity. Mussels make up 60% of the total from 
the Northeast Atlantic, while in the Southwest Pacific (Australia and New Zealand) the production 
is almost entirely of oysters and scallops. 

These differences are much greater than any real difference in the natural populations, and 
reflect mainly regional differences in habits and food preferences. The opportunities for 
expansion in many areas, if these preferences can be changed, are clearly very large. These have 
been touched on in the detailed area reviews; in these it was usually impossible to set any very 
precise limits to the potential in any area. A rough measure of the total potential of the whole 
world can be deduced from the fact that Japan and the east coast of the USA produce over a million 
tons of molluscs* These coasts comprise one twentieth of the total world coastline. Twenty million 
tons would therefore be a very rough estimate of the world potential of molluscs, assuming all 
coasts were as productive as Japan and eastern USA. In fact the primary production of the waters 
of Japan and USA are possibly rather higher than the world's coastal waters as a whole, and also 
cultivation is well developed in these areas. Against this it is probable that the natural produc- 
tion is not fully exploited, at least in the USA. Perhaps 10 to 25 million tons could be taken 
aa a reasonable limit to the potential, if the natural production is fully used, and cultivation 
generally is brought to the level of that in Japan and USA at present. If cultivation is further 
intensified the potential is certainly very much higher, especially if the possibility of suspended 
culture in the open sea is considered, and there is not the information at present available to 
set even a rough figure to such potential. 

Needs for further research 

(a) Statistics - Statistical information in many areas is very poor. This is largely due to the 
nature of fishery, with a large number of individual fishermen concerned, often with primitive 
methods. Probably the provision of greatly improved statistics would, in many areas, involve a 
large expense in terms of numerous field staff, etc., an exjenee which would hardly be justified 
in terms of the economic value of such fisheries. In some of the more advanced fisheries, where 
the total production figures are available, additional statistical information on such things 

as fishing effort (at least for such active methods ae scallop dredging), art?a used in cultivation, 
etc., would make interpretation of past trends in catches, and estimation of future potential much 
easier and more accurate. 

(b) Natural stocks - Molluscs are moderate sized sedentary animals; quantitative surveys of their 
abundance are therefore, in principle, easy to carry out. As the references given in this report, 
though admittedly incomplete, suggest, very few such surveys have been carried out. Though 
standing crop is not equal to production, the estimation of potential production can be made 

with reasonable accuracy, once estimates of standing crop and some measure of the rate of mortality 
and rej lacemerit, are available. If better estimates of natural molluscan resources are required, 
this can most accurately, and probably moat cheaply, be done by surveys of the standing crop. 
Since thero is probably a large degree of similarity between the resources of different areas of 
the same region, such surveys would probably best be done on a regional basis, using a stratified 
sampling scheme taking into account such obviously relevant factors as type of bottom, depth, 
exposure to currents, etc. 

(o) Cultivation - The biggest potentials for molluscs lie in cultivation. At the present 
production is very less than the physical potential. This is probably true even in most areas 
where cultivation is already practiced, while there are large areas of the world where there IB 
no cultivation. The urgent problem is therefore of overcoming the social and economic obstacles 
to mollusc cultivation, in these latter areas especially, anc introducing terhnirueo vhich are 
already well known elsewhere. This development would be easier to achieve if Letter estimates could 
be set to the physical limit to the production. This requires better information than exists at 
the moment on the environmental conditions for successful cultivation - depth, type of bottom 
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(xctpt for raft culture), tides and currents, shelter from bad weather, temperature, aalinity, 
primary production, abundance of suitable food, etc.- ae well as the potential yield per unit 
area from such grounds, and the total global extent of each type of suitable ground. The associa- 
tion of engineers with biologists and oceanographers in the development of mollusc culture would 
also help to schieve successful technologies and avoid costly errors. 
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While much of the production of aeed it now don* on artificial oollectora, ofttn working 
in three dimensions, much of the further growing on ia dona on the flat. However, reeearch and 
practice in aome areaa ia showing that substantially increaaed growth and reduced predation can 
be achieved by growing all atagea of oyatera off the bottom. If the attachment of oyatera to 
atringa 9 etc., can be done economically the poeaible production in good growing areaa ahould be 
much increaaed* 

In the USA and UK ex peri went a are in progreaa with a view to uaing the heated effluent 
from power atatione to provide auitable growing conditiona throughout the year* Improved atraina 
with better growth ratea and other characterietice may be achieved by atriotly aelective rearing 
and breeding, including the poeaibility of producing pure-bred line a by atoring a perm and thua 
mating an oyater with itaelf. Theae method* are now producing large quantitiea of uniform high 
quality oyatera, which are fattened in the natural but carefully controlled predator-free watera 
in Long I el and Sound for aupplying to the high priced New York market* With eimilar development* 
on the marketing aide - e.g. by developing mechanical method* for opening the ahella to facilitate 
removal of the meat* and by producing an attractive froaen oonaumer pack * auch carefully control- 
led induatrial aoale oyater cultivation haa a bright future, 

In the undeveloped oountriea there ia conaiderable intereat in and acope for oyater production 
and it could be an important local aouroe of moderately priced protein if geared to prolific local 
source* of aeed uaing apeciea auitable to the particular environmental conditiona. 

Aa with muaaela it ia not poaaible to predict the production of oyatera in the future aa 
the potential of oyater culture ia very great, but the extent to which it ia realiaed will depend 
on the economics of new culture techniquea and the development of market* at moderate price levela. 

Gastropods* 34 000 tone 

The carnivoroua gaatropoda (e.g. whelka) are very widely diatributed and only very lightly 
exploited. Faotora that militate againat their wider uae are that they are not particularly 
favoured aa food and are not readily harveated by method* other than baited trap* or diving. It 
aeema unlikely that harveating of thia group will expand greatly in the near future, though a atudy 
of the waya in which apeoiea of thia group are prepared and cooked might be merited to aee if there 
ie a baaia for expanding the demand. 

Among the herbivoroua gastropoda, the abalonea and concha include large apeciea and are much 
favoured aa food. The large^acale production of abalonea and concha ia not likely to occur due to 
the difficulties of harveating by diving on rocky ooaata for abalonea and by diving and the uae of 
polea for concha. However there would appear to be ooneideroble aoope for more intenee harveating 
of conche and the introduction of the larger growing abalonee to South America and the North 
Atlantic where only email apecie* exiat. 

Table Q2 - Summary of 1966 molluac production (excluding cephalopoda) by major aea areaa 
(ca tehee in '000 of tone, live weight) 





Qaatropoda 


Scallop* 


Clam* 


Kueaele 


Oyster* 


Various 


Total 


Northeaet Atlantic 


6.7 


8.5 


59-6 


222.4 


64*4 


13.2 


368.0 


Northweat and Western 
Central Atlantic 


(1.0) 


145.6 


188. 7 


(5.4) 


300.1 


1.0 


641.8 


Southeaet and Eaatern 
















Central Atlantic 
Southwest Atlantic 


0.7 


0.2 


(27l) 


(776) 


0.8 
(0.2) 


0.1 


1.6 

10.1 


Mediterranean and 
Black Sea 






_ 


12.1 


. 


1&.6 


20.3 


Rortheaet Pacific 
Veat Pacific 


2.2 

18.4 


7.4 


2.7 
244.8 


0.6 
4-7 


59.3 
2*3.1 


0.1 
262.3 


64.9 
830.7 


Southeaat Pacific 


3.5 


- 


9.7 


27.1 


0.7 


9.9 

24 


50.9 
2 1 


Indian Ocean 
Southwest Pacific 


1*3 


13.4 


- 


(2.4) 


(16.5) 


1 

(0.9) 


34.5 


TOTAIi 33.8 


175.1 


500.2 


282.9 


735.1 


308.7 


2,035.8 



Not f - Figurea in bracketa denote valuea for 1965, where 1966 valuea were not available 
- means no recorded ca tehee 
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This Motion originated in the discussions of the ad hoc Working Party on the PAD Indicative World 
Plan (IN?) 9 Survey of Crustacean Resources, which convened at the PAO World Scientific Conference on 
the Biology and Culture of Shrimps and Prawns in Mexico City between 12 and 24 June 1967* This Working 
Party consisted of the following participants, together with observers i 

* Hancock, D.A. Obarrio, J.L. 

a Holthuis, L.O. Ras0ussen f B. 

'H Ivaaov ' B - Sinploa ' 



' - ' '- 

i Johnson, D.S. Simpson, J.O. 

ChaSalda2a R Kutkuhn, J.H. Squires, H.J, 

mlT7^!ii K l ft Lindner, M.J. Slack-Smith, R.J. 

ii. ? T Longhuret, A.R. (Convener) Tiews, K.P.W. 

One"*' P ^t M.T. Weber, D. 

'l&.F. """"i *' Williams, A.B. 



The task of the Working Party was to review the first draft of ths crustacean document which had 
been prepared by John Oulland (PAO, Rome) and to accomplish this the Working Party decided to appoint a 
number of people as Regional Reporters with the responsibility of contacting .individuals and organi- 
sations within their geographic area in order to obtain current data on the status of stocks of prawns 
and shrimps on a world-wide basis* 

Ths Regional Reporters were as follows: 

X. JTorthweet Atlantic - Squires, Appolonio VIII* Eastern Indian Ocean - Hall 

II. Northeast Atlantic - Simpson, A.C. IX* Western Central Pacific - Johnson 

III. Mediterranean - Massuti X. Eastern Central Pacific - Ellis 

IV.a)Northwsst Pacific - Ivanov XI. Southwest Atlantic - Bosohi 

b)Hcrtheast Pacific - Butler XII. Southeast Atlantic - Longhurst 

V. Western Central Atlantic - Lindner XIII. Southwest Pacific - (vacant) 

VI. Eastern Central Atlantic - Longhurst XIV. Southeast Pacific - Hancock 
VII. Western Indian Ocean - Hall 

The Regional Reports were all received by the Convener by the end of 1968, and were then consoli- 
dated into a reasonably uniform style of presentation to form the basis of the present draft. Only in 
exceptional oases, and especially with regard to crustacean resources other than shrimps and prawns, 
was reference made to material other than the reports submitted by the Regional Reporters! the present 
draft is not intended to be a review of the literature on the subjects covered, and is only as complete 
as the material submitted by the Regional Reporters. It was originally intended that the survey of 
crustacean resources should include data on three levels, namely t present fisheries! potential fisheries. 
e.g. those areas in which the presence of resources in good quantities is known by exploratory fishing? 
and hypothetical fisheries, e.g. areas in which the depths, typs of bottom or other data suggested the 
existence of quantities of crustacean resources but which have not been confirmed by actual surveys. 
However, it was evident from the data included in the Regional Reports that this was not a valid divi- 
sion of the material and it was decided to present information at only two levels! that concerning 
present fisheries product ion . and that concerning the potential for increased production in the future; 
it is necessary here to define the manner in which two terms are used in this papers production may be 
a rate or an amount and is intended to refer to the catches from a stock of Crustacea, and potential is 
intended to refer to the production that may be expected from a stock in the foreseeable future, using 
fishing techniques which are expected to be available within this period. 

An interesting discussion of the whole problem of estimating potential production from present-day 
data, and in particular from data derived from resource surveys, was received from M.J. Lindner, the 
Reporter for Region V. His points should be borne in mind when reading the estimates of potential con- 
tained in this paper, and it is useful to quote them in exteneo here. 

"At this point it may be useful to discuss methods for estimating potential harvest from areas 
about which we have limited information. Starting first with an area that has not been fished we might 
make guesses based on the range of a species or on the eise of trawlable fishing grounds. Projections 
of the fishable magnitude of the stocks of shrimps based on these two methods are subject to such wide 
error that they are of little or no use. More Vnowledge than we now have is required to obtain any 
meaningful projection V *&** methods. It has been well established that shrimps do not distribute 
themselves uniformly over vast areas but concentrate in certain localised areas where presumably the 
temperature, substrata, and food are suitable. 
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A a lightly different situation would prevail if we aleo had information from exploratory fishing in 
an area; however, we would still not be in a position to make reliable estimates of potential harvests. 
Stock estimates of shrimp calculated from exploratory fishing per se approximate only the standing crop 
or, in other words, only the weight present at any one time* in estimate of the standing crop, oonse- 
quently, may be highly deceiving if we attempt to use it to estimate the fishable magnitude of the stock, 
which means the total weight that can be produced from the stock during time intervals such as a year. 
We are primarily interested in the fishable magnitude of the stock rather than in the standing crop* We 
need to know how many tons we can harvest safely eaoh year from the stocks. Obviously, we need more 
information than that provided by exploratory fishing if we desire good estimates of fishable stocks. 
This additional information may be ecological , involving knowledge of the life history of the feeding 
and nursery areas of species; it may be based on a comparison of the catch rates or landing data of the 
same or similar species with those in another area where intensive fishing is in progress; or, it may 
include the rates of growth, mortality, and recruitment* 

Precise measures of stock production must be based on growth, mortality and recruitment rates. 
These rates however are difficult to get and, indeed, may be impossible to obtain even though the spe- 
cies is heavily fished* The first two approaches, that is, using ecological data or catch data usually 
do not require the sophisticated methods involved in arriving at rates and frequently a combination of 
them can give fairly reliable estimates* It seems therefore that we need to start accumulating data on 
the first two subjects before we can project more accurately than now the fishable magnitude of shrimp 
stocks in areas that are not heavily fished, " 

For the reasons outlined above, and from the inconsistent nature of the data available, the esti- 
mates of potential production which are contained in this draft cannot be called other than educated 
guesses; this has been emphasised throughout, and wherever possible a conservative outlook has been 
taken with regard to estimates of potential production. 

The bibliography which oonludes this paper has been condensed from the regional bibliographies 
supplied by the Regional Reporters; it was felt by the Working Party in Mexico City that the value of 
this document would be greatly increased by the inclusion of comprehensive regional bibliographies, and 
an attempt has been made to do this for at least some regions* 

An attempt has been made to standardize the use of scientific names throughout this draft, but it 
is certain that some taxonomic confusion is included, especially the reference to a single species by 
several names, and this was perhaps inevitable from the nature of the material on which the paper is 
based* 

Crustacea are ubiquitous in their occurrence in the sea; they occur in the deepest abyssal benthio 
communities, in the plankton at all latitudes and all depths of the ocean, and in coastal waters, estu- 
aries and lagoons* Apart from the unicellular animals, marine Crustacea are probably, as a group, the 
most numerous animals on the planet, and they may constitute, as a group, the greatest animal biomass. 
The following approximate calculations, while not in any sense intended to indicate seriously the pro- 
duction of Crustacea of all sorts which might be attained at some time in the future, serve to indicate 
the magnitude of the crustacean biomass in the oceans. If one considers only the planktonic Crustacea, 
dominated by oopepods, sergestids and euphausiids, and if one considers only the plankton of the upper 
100 m of the ocean, it is probably near the truth that 100 g of plankton occurs on the average beneath 
each 10 or of the sea surface* Extrapolating, this gives us 10 tons beneath each km 2 or 3*6 x 10? 
tons in the upper hundred metres of all the oceans, at any one time. Again, making some slightly 
dubious assumptions, one may take a value of 80}6 of this total plankton biomass as being composed of 
Crustacea, and one may conservatively estimate that JQjt of the total standing crop at any one time 
could in theory, be removed by man from the stock over a period of 1 year, providing that natural morta- 
lity ty other organisms was somewhat under man's control* This gives a potential production of 1*4x 10? 
tons annually, or about 30 times greater than the present production of all forms of animal material by 
the world's fisheries. 

The purpose of this estimate is rather to indicate to what extent the presently exploitable crus- 
tacean resources are an extremely small part of the total crustacean biomass in the oceans* According 
to FAO fishery statistics the total world production of orustaoeazm in 1965 was approximately 1.2 x 10" 
tons, a figure approximately 1,000 times smaller than the estimate given above* 

For the purpose of the present document we are ignoring all crustacean resources which are not 
likely to be exploited or exploitable within the next decade to any significant extent; because of the 
extremely tenuous nature of any arguments upon which potential estimates of the euphausiid populations 
of the ocean must be based, these are not included in the present consideration, even though serious 
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study directed towards the exploitation of one species, Euphausia superba, has been begun in the Ant- 
arctic Ocean by the Soviet Union* It is felt at this juncture that the data on the potential from this 
type of resource are completely inadequate to estimate potential production, and euphausiids and simi- 
lar stocks are not referred to in the body of this draft* 

The biological nature of the crustacean resources which are currently exploited in the ocean is 
very diverse both as to ecology, and perhaps more important (from a fisheries management point of view) 
with regard to such biological parameters as rates of growth, mortality and fecundity* Although many 
of the important crustacean resources occur in warm water, have extremely rapid growth rates, and are 
virtually annual species, some other important resources, especially those of high latitudes or of 
deep water, are extremely slow growing and have slow rates of recruitment to the fisheries* The manage- 
ment problems of these two different types of resource are, of course, very different, and too much 
extrapolation from one type of crustacean resource to all types of resources is to be avoided* 

Crustacean resources are also extremely different in the amount of usable meat which is yielded by 
the processing of various forms; the yield may vary from as low as 8 to 10}t in the case of the Chilean 
langostino to as high as 60 to ?<> in some of the fisheries for large penaeid prawns. The figures used 
in the tabulated data in this text all refer to whole live weight, and to each species should be applied 
a factor, unknown in most cases, which would translate these into data referring to the usuable meat 
yield. 

The crustacean resources discussed in the following text may be categorized as follows: (1)lobsters, 
spiny lobsters, and similar forms - Homarus, Nephrops, Palinurus, Panulirus and Jams; (2) crabs of a number 
of different forms, king crabs CParaljthodee) t Tanner crabs (Chionoecetes), edible or market crabs 
(Cancer), portunid swimming crabs (CalUnectes). and galatheid crabs (Pleuroncodes). etc? and (3) prawns 
and shrimps, including the high latitude and deep-water pandalids (P&ndalus), the low latitude' penaeid 
prawns (Penaeus), the oaridean shrimps (Palaemon and Nacrobrachium)V and finally the deep-water penaeid 
prawns of low latitudes* 

Lobsters and Spiny Lobsters 

The true lobsters of the genus Homarus occur on rooky coasts on both sides of the North Atlantic: 
they are rather slow growing, the females reaching first maturity at 5-8 years (depending on latitude) 
and the individuals remaining in the fishery for 12 years or more, and occasionally surviving to 25 or 
30 years old. The adult females have a 2-year moulting cycle, alternating with spawning years, so 
that spawning sad moulting occur in alternate years. The females carry the fertilised eggs for from 
10-11 months before releasing the larvae into the plankton, for the relatively short planktonic life 
of 4 or 5 larval stages* Evidently, this is a relatively slowly renewing source and in common with all 
fishery resources in which the individuals which are relatively long lived the fishery is not very 
productive in the sense that only a small proportion of the total standing orop or biomass may be 
removed annually on a sustainable basis. Probably for this reason, the lobster stocks are generally 
approaching an overfishing situation* 

The Norway lobsters Nephrope spp. are much smaller organisms which occur on rather deep muddy 
bottoms in many parts of the world, having been recorded in the North Atlantic, the Indian Ocean and 
the Northeast Pacific. There are very few biological data on this genus, and as a whole the fishery 
exploits the stocks only rather lightly* 

The spiny lobsters or rock lobsters of the genera Palinurus. P&nulirus and Jaisus occur in rather 
lower latitudes than Homarus and species of these genera are ubiquitous in occurrence on hard substrates 
throughout the warmer part B of the ocean, forming in the tropics a very characteristic component of the 
reef fauna, though Palinurus appears to be a component especially of rather soft deposits compared with 
Panulirus and Jamie, Despite this wide distribution, commercial, concentrations occur relatively 
sparsely* Growth rates probably vary widely from species to species, and at least in the tropical 
oceans members of these genera are probably much faster growing than are the high latitude lobsters of 
the North Atlantic. Females carry their fertilized eggs and remain in berry for less than two months 
after the spawning season. The eggs hatch in the spring in latitudes in whioh the winter has ecological 
significance, and characteristically pass through a rather large number of planktonic stages. This plank- 
tonic phase may occupy periods of almost a year in some species, and this fact is probably of consi- 
derable importance when the aquioulture of these genera is being considered, and it may well prove more 
difficult to rear them commercially, than species of the genus Homarus. 



R - CRUSTACEAN RESODRCES 

256 >IH8/T97 

Kif Crabs* eto* 



The dibit or* to, Cancer pagurust of northern Europe has a biology which it probably typical of 
generalised orabs which are important in fisheries the world over* la this species, first Maturity 
ooours at a oarapaoe width of about 13 cm, or an age of 4-5 years, *ad subsequently the females 
pawn in alternate years* Ths speoies performs rathsr well narked seasonal migrations, occurring 
inshore during the summer and offshore in deeper water during the winter j during the inshore phase in 
June to July the eggs oarried by the females hatoh and the larvae enter the inshore plankton* In the 
autumn the orabs moult and the large females move offshore where in deep water in December and January 
spawning occurs, the eggs being oarried by the female from then on through an inshore migration in the 
early spring, in April and May, to be hatched again in shallow water the following year* 

The king crab, Paralithodes oamtsohatioa, of the North Pacific is a large anonuran orab (of spider 
crab form) occurring in water to 250 m deep, -1 to 12OC. It is of rather Blow growth, femaloa maturing 
at a carapace length of 90 mm or at an age of 5-6 years. They spawn in the spring and carry eggs until 
the following spring when the larva* hatoh into four planktonio stages in th months of March to Juno. 
The females spawn in shallow water and then return into deeper water, and the pelagic phase has a dura- 
tion of about two months after which they descend into the bent hi o conaunity. Female orabs molt annually 
after the egge hatoh, and just prior to mating. Males molt ! frequently as thy grow older y only once 
every three years for big orabs. King crabs live up to 15 years or more. Again, M in the case of the 
North Atlantic lobster, this is a resource which ha* rather a slow rats of renewal. 

The braohyuran Tanner crab, Chionocoetcs app., which although it is only rather distantly related 
to the king orab has somewhat similar appearance, also has a somewhat similar oology; the females 
mature at a carapace length of 8 cm at a rather advanced ago carrying their eggs for 5-7 months and 
having a relatively short larval period. 

The portuaid swimming orabs , oharaoterised by the blue orabs of tropical seas (Oallineotes) are 
muoh more rapidly growing species than those discussed above and although their biology is rather 
poorly known it is probable that most of the low latitude species are essentially annual, and similar 
to the tropical prawns discussed below. 

The prawn resources of high latitudes in both the Pacific and Atlantic Ooean are dominated by 
pandalids of which the biology of Pandalus Jordani in the Northeast Pacific Ooean is typical. This 
speoies is a protandrio hermaphrodite in which sex reversal regularly ooours* The larvae are pelagie 
and occur in the ooastal plankton, not entering estuaries or lagoons preferentially* At 2-3 years old 
the Juveniles mature into male individuals and in the third or fourth year of life these individuals 
ohange into females* There is rather low fecundity from 1.0 to 4*0 z 1CP eggs per female, which bears 
one brood of eggs per year at which time a high female mortality ooours. The females carry their eggs 
over the winter for a 5-onth period, and release them into their 3-month pelagic stages in the early 
spring. The adults die after 2-4 yars of life, although in lower latitudes the fishery may include 
only 2->*year olds* 

Pandalus boreal i occurs in the entire boreal and has a very similar biology to Pandalus Jordan i. 
but the first male maturity ooours only in the second and third year of life and the females are 4^ - 
years old* A small percentage of females mature directly at 1*5 years old. Pandalus montagui of the 
Northeast Atlantic has a rather similar biology and it is certain that most of these pandalids have a 
relatively high longevity when compared with the shrimp resources of the shallow water and low lati- 
tudes. The pandalid resources of high latitudes appear to eshibit submergence towards low latitudes, 
and throughout the tropics wherever prawn surveys have been oarried out on the upper part of the con- 
tinental slope pandalid resources, more or less abundant, have been found together with a number of 
deep-living penaoids. The biology of these deep-living pandalids and penaeids is apparently completely 
unknown. 



A number of orangonid shrimps occur in all latitudes and the European shri^n, Cranaon orangon. may 
be taken as a rather typical example, although the lower latitude speoies of PaUeaonknd related forms 
presumably have rather more rapid growth rates and are certainly, in general /"lanBuaTspeoies. Pelagic 
larvae of Crangon orangon occur in the plankton from December through August and the adult individuals, 
unlike the pandalids, are heterosexual although one worker has suggested the occurrence of hermaphro- 
ditic in this speoies* Maturity ooours in the first or second year of life and three broods per year 
per female appear to be normal. The eggs are oarried by the females during the spring to summer 
months for short periods of 3-4 weeks after which they hatoh. Hales appear mostly not to survive 
beyond their second year of life and femalee beyond their third year. 
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The resources of penaeid shrimps which occur on continent*! shelves in low latitude* are hetero- 
sexual Mid the females do not carry the eggs, but these are released into the water as eoon as ferti- 
lized. The rnoet significant ecological difference between the various epeoiee is whether or not the 
pelagic larvae and post-larvae remain in the coastal, continental shelf plankton or whether they prefe- 
rentially enter braokish water in estuaries and lagoons v there to pass their Juvenile period. Typically, 
as with Penaeus duorarum of the tropical Atlantic, and Penaeus monodon and Penaeus indieus of the Indo- 
Paoifio, the femalee have rather long spawning periods throughout the year during which one or sore 
peaks of spawning occur; the number of individual spawnings per female during the course of the season 
is not known in most oases. Fertilised eggs and early larvae can be found of all these speoies in the 
neritio plankton, but the early larvae very rapidly concentrate around lagoons and estuaries and enter 
on the floodtide. The larvae are at first transparent, and pelagic in the lagoons, but very early 
settle on the vegetation in shallow water and progressively, as they grow, move into deeper water 
within the lagoon. Mostly, the larval and juvenile forms spend less than one year in their brackish 
water environment, at the end of which period they return to the continental shelf where spawning 
occurs. There are indications in a number of speoies with this kind of ecology that the life span is 
only 12-14 months and that the adults die rather soon after returning to the continental shelf and 
spawning. In this case the large biomass of adults and near adult e which are exploited on the conti- 
nental shelves in the great shrimp fisheries of the world must consist of an ephemeral stock with a 
very rapid turnover, new individuals being consistently recruited from the nearby estuaries and lagoons. 

However, a number of speoies do not have this ecology; such species occur in regions, such as the 
Persian Oulf , in which there is little possibility (because of the nature of the geography of the 
region) for the larvae to enter braokish lagoons, or they may occur alongside speoies whose larvae 
regularly and preferentially enter braokish water, Examples of the first kind of speoies are those 
which occur, ae suggested above, in the northwest part of the Indian Ocean, in the Red Sea, the Persian 
Oulf and the northern part of the Arabian Sea, where although coastal lagoons and other braokish water 
environments are extremely limited or absent. Examples of the second sort, in which larvae .do act 
enter estuaries even though these are available for entry are Parapeneopsis atlantioa, and lip 



kroyeri of the eastern and western tropical Atlantic respectively, and also Penaeus latisuloat 
Penaeus esoulentus in northern Australia (Frank Alverson, personal communication). In the Oulf of 
Qutnea Parapeneopsis atlantioa is one of the most abundant inshore speoies of penaeid, occurring most 
abundantly on shallow muddy deposits off the mouths of estuaries and lagoons but, unlike its neighbour 
Penaeus duorarum which occurs on similar deposits, its larvae and Juveniles are never found in the 
neighbouring lagoons and estuaries, 

REGIONAL ASSESSMENTS 

Region I - Northwest Atlantic 

This region includes the west coast of Greenland and the Davis Strait, the eastern coast of Canada*, 
and the coast of New England in the USA. Crustacean resources are rather poor in species, and the whole 
region, with the exception of the southern coast of New England, is influenced ty the cold current which 
passes southwards along the ooast of northeastern North America. 

A, Lobster resources 

This is one of the two centres of production of the Atlantic lobster Homarue. which is here repre- 
sented by H, amerioanus. Landings of this speoies have varied little in recent years, from an annual 
rate of about 32.0 x 10^ tonst 



Country 


1961 


1962 


1963 


1964 


1965 


USA 


11.8 


12.8 


li.2 


13.3 


13.3 


Canada 


21.6 


21.1 


20.0 


19.0 


18.4 



A slight decrease which can be detected since 1962 does not appear to be attributable to any dec- 
line in fishing effort and, combined with evidence for a continuing change in population structure (at 
least off New England) towards a predominance of young individuals, suggests that the stocks are 
capable of no significantly increased production; indeed, the evidence indicates that only by proper 
management will the present level be sustained. The consumer demand for this speoies is extremely 
high, and with prices rising very significantly industrial tendencies will be towards increasing effort. 
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In recent yars, this species is being taken increasingly towards the south and in recent years 
has been trawled in deep water as far south a. North Carolina (F*ank Alver.on f persona? 

R ve^K^^ .*<" to th ^ "** 

B. Crab resources 

A trace of blue crab (Callinectes spp.) occurs in the landings in the nost southerly parts of the 
region, but the major crab resources is that of Cancer irroratus, the rook crab. In 1966, the US lan- 
dings of this species amounted to 2.2 z 103 tons. This crab occurs in considerable numbers along the 
eastern ooast of Canada as far north as the Strait of Belle Isle (Squires 1966). There are also indica- 
tions (Wilder 1966), that this species occurs also in deep water off eastern Canada, together with a 
spider orab (Chinoeoetes) related to the Tanner crab of the Gulf of Alaska. It would seem altogether 
possible that a fishery to the extent of 10.0 x 10* tons might develop on all these species combined 
in this region. 

C. Prawn resources 

The prawns of this region are mostly cold-water pandalids, often occurring in deep water, together 
with some shallow water palaemonids. 

Stocks of Pandalus montagui, Spirpntooaris epinue and S. lillJeborjeii are known to occur, but their 
potential is not known7*nd they are only exploited incidentally to the fishery for Pandalus boreal ie. 
which is the principal product of the prawn fisheries in the Northwest Atlantic. 

While the fishery for P. boreal! a is concentrated mainly off Greenland, in very recent years a 
start has been made in Canada, where in the Bay of Fundy 0.3 x 103 tons were taken in 1967* Resource 
surveys have proved shrimping grounds, at rates of from 100-800 lb per hour, to the southwest of New- 
foundland and in the Gulf of St. Lawrence (Squires 1961). Although no estimates have been made, it in 
reasonable to assume a total potential in this rather large area of about 5.0 x 10 3 tons eventually. 

The potential appears to be about the same off New England, where a minor fishery has existed for 
decades, but has been subject to remarkable stock fluctuation and therefore in availability to the 
fishery. The high catches in years of abundance do not properly reflect the relative stock abundance 
vis-A-vis poor years; when a very strong year-class is recruited to the fishery the market and proces- 
sing facilities become glutted, and the catch is thus limited. 



Tear 


Massachusetts 
(tons) 


Gulf of Maine 
(tons x 103) 


1960 


<1.0 


^ 


1961 


<1.0 





1962 


16.4 


0.1 


1963 


10.5 


0.2 


1964 


3.1 


0.4 


1965 


8.1 


0.9 


1966 


- 


1.7 


1967 





3.0 



It seems rather likely that this fishery will in the near future reach a production of 5.0 x 10^ tons. 

Off Greenland, the fishery for Pandalus boreal ie has built up very rapidly in recent years, most 
of this production coming from Disko Bay and other inshore West Greenland waters to the south. The 
landings from the Greenland fishery in recent years have been as follows: 



1950 - 0.2 

1960 - 1.8 

1961 - 2.5 

1962 - 3.3 



1964 - 3.7 

1965 - 5.0 

1966 - 5.4 

1967 - 5*6 



Rasmussen suggests that a production of 7.0 to 8.0 x 10* will be realised in another decade; the 
potential of 6.0 x 10 3 tons guessed lr Ivanov in 1964 had almost been attained tor 1967 1 and Smidt suggests 
potential of 12.0 x 10^ tons, and perhaps more if offshore grounds in the Davis Strait are exploited ty 
biff vessels. 
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D. Total Regional potential 

The following tabulation of the estimates suggested above indicate* that the total potential of 
the region may increaee by approximately a third in the foreseeable future, reaching a total of 
69.0 x 10 3 tons. 





Present 


Potential 


HomaniB amer ioanus 


31.7 


32.0 


Cancer irroratus 
(and othere) 


2.2 


10.0 


Pandalue boreal is 


3.0 
0.3 
5.3 


5.0 
5.0 
12.0 


United Statee 
Canada 
Greenland 


Pandalue montagui 


- 


5.0 


TOTAL 


42.5 


69.0 (tone x 10 3 ) 



Region II - Northeast Atlantic 

The crustacean production in thie region ie more diverse than in the Northwest Atlantic, to some 
extent because thie region contains a greater degree of eoologioal diversity, due to the effeot of the 
Gulf Stream on the European coast at high latitudes, but aleo perhaps due to the longer development of 
the fisheries in this region in historical terms, because of greater human pressures. 

The 1965 catch was partitioned among 12 species, as tabulated below t 



Lobsters 

Homarus gammarus 2,3 
Palinurue elephas 1.4 
25.5 



Nephrops norvegicus 

Crabs 

Canoer pagurus 7.9 

Caroinus maenas 0.7 

Portunidae spp. 0.4 

Mai a souinado 4.7 



Prawns 

Pandalus borealis 
Pandalus montagui 



19.9 
0.1 

Crangon orangon 45.8 
Palaemon aerratus 1.8 
Parapenaeus longirostris 7.4 



TOTAL 



117.9 (tons x 10 3 ) 



A. Lobster resources 

(1) Common lobster (Homarus gammarus) 

Lobsters occur from northern Norway to the Bay of Biscay, and are found on most coastal and near- 
coastal rooky grounds. Nearly all are national fisheries and over 90# of the yield is believed to be 
caught within 3 !! of the coast. 

Present catch is small, about 2.0 x 10 3 tons, though the value is high. While most stocks ars 
heavily fished there would appear to be scope for 50-70# increases in catches in Norway, United Kingdom 
and Eire by increased fishing in certain areas, including in deeper water, and better management in 
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other* (Thomas 196$). It is considered that there it little prospect of increased yield* from Sweden, 
Germany, Holland or France. 

Denmark used to produce over 150 ton* per annun f in many year* between 1930 and 1950 f and it would 
seem possible that these levels oould be achieved again by increased fishing* 

The landings of this species, by country, in 1966 are tabulated below, together with an estimate 
of the resource potential. 



Country 


1966 landings 


Estimated maximum 
sustainable yield 


Norway 


0.3 


0.8 


Sweden 


0.1 


0.2 


Denmark 


0.03 


0.2 


Germany 


0.0 


0.0 


Holland 


0.0 


0.0 


Belgium 


0.0 


0.0 


Scotland 


0.6 


1.0 


England & Wales 


0.4 


0.6 


Eire 


0.3 


0.5 


France 


0.4 


0.4 


Spain 


0.0 


0.0 


Portugal 


0.0 


0.0 


TOTAL 


2.1 


3.7 (tons z 10 3 ) 



(ii) Spiny lobster (Palinurus elephas) 

Palinurus elephas is a southern species extending north to Eire, southwest England and the Channel 
Islands. It lives in very rooky areas with strong tides and occurs from about 10-200 m. It is caught 
in baited traps 9 and just recently by full-time SCUBA divers off southwest England. 



Country 


1965 oatoh 




Eire 


0.2 




England 


0.1 




France 


0.7 




Spain 


0.4 




Portugal 


0.0 




TOTAL 


1.4 (tons x 


10*) 



There is very little information on the population dynamics of the species. Recent work in 
England and Ireland suggests that the populations there are recruited from farther south (pelagic 
larvae? juvenile migration?) as animals below 2 lb weight are rarely seen, even by divers, and there 
are substantial long term variations in their abundances. Catches in Eire were of the order of 400 tons 
annually in the 1950s and 1960s and it is probable that 500 tons is nearer the average long term yield 
then the present 200 tons. The stock around southwest England is lightly exploited and oould probably 
yield an average of at least 200 tons annually with increased effort* The potential of the French and 
Spanish grounds is not known but is likely to be somewhat above the present yields. The sustainable 
yield for the whole area is likely to exceed 2.0 x 10* tons. 



H- 



rm/tn 



(ill) Norway lobster (Nephropt norvegious) 



occurs in many areas from Iceland to the Mediterranean where the bottom sedi- 
Such ground! are typically in water over 120 m but in sheltered areae such ae 



Bents are a fine 

fjords, and where tidal currents are snail (Irish Sea), Nephrops occur in depths as shallow as 20 m. 



-M * A ?!!&?* Of JT nopt * trn * Toun ! B ** * exploited since 1939 with a steady increase in landings; 
10.0 x 10* tons bsing landed in 1948 and 30.0 x 10? tons in 1964. It would seen probable that there 
are still some extensive populations which have not been exploited f especially at considerable distances 
from ports. 

The habit of Nephrops to form burrows in the bottom and to reemin in then at night (and also during 
full daylight in shallow waters) reduoes the efficiency of capture and makes overfishing sjore difficult. 
There is little indication that many grounds are very heavily exploited, though reoent declines in 
yield off Norway nay be due to this. A decline in average sise on some grounds off Scotland is pro- 
bably due to fishing (Thomas 1965) f but considerable increases in fishing effort off Iceland (Sigurdsson 
196?) and continued heavy fishing in the Irish Sea (O'Riordon 1965, Gibson 196,5) have not lead to 
decreases in average sice of Nephrops in the catches in these areas. 



The occurrence of Nephrops in the stomachs of ood over a wide area northeast of Scotland suggests 
that landings fcy Scottish boats from the North Sea oould be about doubled to 5.0 x 10.0 x 10* tons per 



Nephrops in 
ish boats fro 

annum (Thomas 9 personal communication). It is also probable that landings from grounds around Ireland 
oould be more than doubled (Oibson, personal communication). 



While the stocks south of Norway may not be able to give a much greater yield it would seem pro- 
bable that the sustainable yield from the Northeast Atlantic area as a whole oould be about doubled 
to around 60.0 x 10^ tons. However, it is possible that the most distant fishing grounds will not 
readily be fully exploited, as the larger boats may find it more profitable to catch fish than Norway 
lobsters. 

The 1965 landings, by country, and the degree of exploitation are tabulated belows 







Degree of 




Country 


Area 


exploitation 


1965 production 


Iceland 


Near seas 


Moderate 


3.7 


Faeroes 


Coastal areas 


Light 


0.1 


Norway 


Coastal areas 


Light 


0.2 


Sweden 


Kattegat 


Heavy 


0.3 




North Sea 


Moderate 


0.0 


Denmark 


Kattegat 


Heavy 


0.8 




Skagerak 


Moderate 


0.3 




North Sea 


Moderate 


0.0 


Germany 


Kattegat 


Heavy 


0.1 


Holland 


North Sea (by-catch) 




0.0 


Belgium 


South North Sea 




0.5 


Scotland 


North Sea (near seas) 


Moderate 


3.5 




West coast 


Light to moderate 


3.0 


England and Males 


North Sea (near seas) 


Moderate 


0.4 


Northern Ireland 


Irish Sea 


Moderate 


0.9 


Sire 


Irish Sea 


Moderate 


1.0 




Celtic Sea 


Light 


0.0 


France 




Moderate 


7.4 


Spain 


Near seas 


Moderate 


3.8 


Portugal 


Near seas 


Light 


0.2 


TOTAL 






26.4 (tons x 10*) 
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B* Crab resources 

( i) Edible orab ( Cancer pagurut) 

This orab it OOOBBOB where there it a rooty coastline, though, duo to MMonal offshore migrations, 
considerable quantities of orabs art alto to bt found up to 10 mi offthort and into dtptht of 80 m 
on toft ground. Crabs art nearly all oaught V baittd traps, though sons art oaught at an inoidtntal 
oatoh \y trawlers. 

Crabs art low~prioed and thtrtfors long-distance transport to marks ts it usually not toonomio. 
Rtotnt dtvslopmsnts havt bttn towards rtgional processing plant e, Itading to deep-freesing and canning, 
which hat stabilised fishsriss and allowed thtir expansion away from major consuming centres. This 
prooets it progressing in several countries* The most heavily exploited stookt are on the British 
coast, but recent investigations show that the fishery it now taking about the maximum sustainable 
yield (Edwards 1967). 



Country 


1965 landings 


Ettimattd mart mm 
sustainable yield 


Norway 


3.4 


5.0 


Sweden 


0.2 


0.4 


Denmark 


0*0 


0.1 


Germany 


0.0 


0.0 


Holland 


0.0 


0.0 


Scotland 


1.8 


3.3 


England and Walet 


2.6 


3.5 


Eire 


0.1 


0.5 


Prance 




0.5 


Portugal 


0.1 


0.1 


Spain 


0.1 


0.1 


TOTAL 


8.3 


13.5 (tons x 10 3 ) 



It it possible that yitldt from Norway could bt substantially increased at the average size of 
orabt caught there is large. 



sustainable yield from the region is probably between 50 and 100Jt above the current 
* tons, and a potential of 13.5 x 103 tons it assumed for our present purpose. 



The maximum 
yield of 8.0 x 10 

(ii) Shore orab (Caroinut maenas) 

This orab is very abundant in coastal waters in the central and southern part of the area, being 
killed in shallow waters in the North Sea in severe winters. It it only exploited commercially in 
Spain and Portugal where a total of tome 0*3 x 103 tons per annum are landed* 

AS it it a major predator on the young of a commercial tpeoiet of mollusc, the development of a 
fishery for this tpeoiet could benefit mollusc production. Thtre it alto a demand for "peeler 11 orabt 
of this tpeoiet in Italy* 

(iii) Spider orab (Maja squinado) 

This speoiet it common in the southern part of the area to the ooatt of Ireland and the Western 
English Channel and occurs alto in the Mediterranean. At oertain times of the year it aggregates 
(at does the Tanner orab in the North Pacific) into what art believed to be spawning piles, when 
large numbers can be caught ty trawling* At other tiaet they art usually caught ty trapping. The 
meat yield it low during much of that year bat the muscle tissue is sweet, and highly esteemed. 

The present fishery is limited to France, Spain, Yugoslavia and Portugal and very small quantities 
in southern England, and separate landing statistics are only kept for Portugal. Present landings 
art 4*7 x 103 tons; thit figure could probably be inoreattd to about 6.0 x 103 tont. 
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(iv) Swimming crab (Portunidae spp.) 

These crabs are oommon throughout most of the area but are only exploited by Spain. Potential 
yields are unknown* 

C. Shrimp and prawn retpuroes 
(i) Pandalus borealis 

This oold water (3-8C) species oooure from north of Spitsbergen to the northern North Sea on 
clay and mud bottoms* It rarely oooure in quantity in water less than 60 m deep but extends to depths 
greater than 1,000 m. However, present day fisheries are limited to depths between 60 and 600 a. 

1965-1966 landings by countries 



Country Iceland 


Norway 


Sweden Denmark 


Total 


Potential 




Iceland 1.4 






1.4 


2.0 




Faeroes 






- 


1.0 




Uorth Norway 


4-4 




4.4 


6.0 




Northwest 


0.6y 




0.6 


2.5 




West 
South (Sksgerak) 


!;p/ 


1.5^ 0.9*/ 


j;ty 


2.0 
12.0 




Kattegat 




0.8 


0.8 


1.0 




N. Sea Fladen 




3.0 


3.0 


4.0 




Fame Deep 








1.0 




TOTAL 1.4 


8.7 


1.5 5.6 


17.2 


31.5 (tons x 


10-*) 



Notes - J/ 3.5 * 10 3 tons per annum in 1960-64 

2/ 3*2 x 10 3 tons per annum in 1960-64 

y 5.0 x 10* tons per annum in 1962 

fj 2.0 x 10 3 tons per annum in 1962*64 

ll 10.2 x 10* tons per annum in 1962 

Around loeland the development of Pandalus fisheries has been only during the past decade and 
new grounds are still being found. 

Present production is around 1.4 x 10 tons* This could be somewhat increased by reduced fishing 
in the most heavily fished areas (Skuladottir 1967) and extended new fisheries , giving a yield which 
might be somewhere about 2.0 x 10^ tons. 

There is no fishery for Pandalus at Faroe. There is no information on the occurrence of Pandalue 
in this area but from temperatures, depths and bottom types, useful populations can be anticipated. 

Fishery for Pandalus off Norway started in 1897 following research ty Johan Hjort* The fishery 
has continued to expand and 1,500 Norwegian trawlers of 30-80 ft now work the whole length of the 
Norwegian coast and offshore grounds down to 600 m y wherever the ground is of soft olay and mud. 
There is no evidence of overfishing but a minimum mesh of 30 mm .throughout the trawl is in force to 
minimise destruction of young prawns (Rasmusson 1967). 



In that part of the Norwegian Deep which extends along the south coast of Norway, Denmark and 
Sweden, with mean annual yields in 196; and 1966 of 1.8, 1.8, and 1.$ tons x 10 3 respectively. 

Five-year means of landings from off the Norwegian ooast since 1950 were as follows. 
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1950-54 


1955-59 


1960*64 


1965-66 




North 




1.0 


2.0 


3.2 


4.4 




Northwest 


0.3 


0.3 


0.4 


0.6 




West 




0.7 


2.0 


3.4 


1.9 




South 














a) 


Norway 


1.3 


1.9 


3.3 


1.8 




b 
o) 


Denmark 
Sweden 


? 
? 


? 
? 


4-5 
4.5 


1.6 
1.8 (ton* x 


10 3 ) 



There appear* to be some scope for further development, especially in northern Norway , and a 
mean total annual yield of about 20.0 x 10 3 tone ie probably attainable without working into deeper 
water. The catches fluctuate partly ae a result of variable year-class strength and partly from 
changes in water temperature, which can make the prawne leave the normal fishing grounds temporarily 
(Raamueeen 1967). Catches were down of f West and South Norway in 1965, and 1966, but the maximum 
sustainable yield ie probably slightly above the 1960*64 average 10.0 x 10 3 tone. 

The Kattegat ie only fished ty Danish boats, which produce 0.2 to 0.8 x 10* tons a year. There 
seems little chance of raising this much above 1.0 x 10^ tons as the grounds are all known and 
heavily fished. 

Sinoe 1960 Danish boats have been fishing the Fladen grounds of the North Sea and yields have 
been around 3.0 x 10 3 tons a year in 1965 and 1966. In 1967, German and Danish trawlers have started 
fishing the Fame grounds 15 mi from the ooast of England but yields are not known. 

(ii) Common or brown shrimp (Crangon orangon) 

Total landings of shrimps for food and industrial uses from Germany and Holland have fluctuated 
between 4*0 and 70.0 x 10 3 tons in recent years. Increases in the sise and efficiency of the Dutch 
fleet have been compensated by a reduction in the German fleet. 

orangon is limited to estuarins and coastal waters between the Central North Sea and 



the Bay of B: 

Germany and Holland where extensive shallow sandy areas fora its main habitat. 

There is a substantial fishery in both countries for small shrimps for meal. Some increase in 
the weight of shrimps for human consumption can be expected by the use of larger meshes in the shrimp- 
nets which would increase the efficiency of capture of the large shrimps as well as releasing small 
shrimps to be recaptured at a larger sise. 

At preeent Denmark does not permit fishing for shrimps within the 3 i limit though the 
resources here could probably yield 1.0 x 103 tons per annum. 



Dutch catches for human consumption could probably be increased by 
the protection of email shrimps. 



by greater efficiency and 



Catches by England in The Wash and in the Thames estuary oould probably be increased to 1.0 x 
tons by greater efficiency. The future of the Irish Sea fishery is uncertain due to the possible 
construction of a barrage across Moreoaabe Bay - the main shrimp fishing area - but annual oatohes 
from the whole of the Irish Sea oould probably be maintained around 0.7 x 10* tone. 

French oatohes have been increasing steadily in recent years 



1960 - 1.4 
1962 - 1.8 



1965 - 2.0 

1966 - 2.3 (tons x 



and it is probable that the sustainable yield is around the 1.5 * 10 3 tons for the Channel and 
2.S T 1CH tone for the Atlantic coast, if not more. 



The following tabulation summarises present and potential production of this spssissi 
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Coastal 
watsrs of 


1966 production 


Potential yiald from 
known grounds 


Denmark 


- 


1.0 


Germany 


27 *M/ 


28.0 


Holland 


14.7*' 


15.0 


Belgium 


1.0 


1.0 


Sootlaad 


0.1 


0.1 


England V. Saa 


0.8 


1.0 


Irish Saa 


0.5 


0.7 


France 






English Channel 


0.9 


1.0 


Atlantic 


1.4 


1.5 


TOTAL 


46.7 


49.3 



Notas - \J Inoludaa 21.6 x 10 tona small shrimps for industrial uaa 
2/ Inoludaa 6.5 x 10 tona small shrimps for industrial uaa 

(iii) Pink shriap (Pandalus montagui) 

This species extends from tha English Channel to tha Arctic and ia found on harder bottom in 
estuaries sad into daapar watars. It does not grow to a large sisa, rarely exceeding tha sisa of 
tha brown shrimp, tha larger shrimps having a count of around 400 to tha kilogramme. 

At present it is only fished commercially lay Britain where oatohes during tha past daoads hava 
bssa only a faw tans of tona compared with hundreds of tona prior to 195&. Tha reduced oatohes hava 
baaa due to a general scarcity of tha species on tha thraa main fishing grounds - Tha Wash, Thames 
astuary and Moraoomba Bay due to causes unknown. 

Vo attsapts hava baan mads to find fiahabla concentration in othar countries, but it is 
probable that such concentrations exist, especially around Scotland, Horway, Faroes, and loeland, 
where it is known to be prasaat. But, being a small spaoias, requiring picking ty hand, it is 
uaosrtaia whethar fishariss would davalop avan if substantial concentrations were found. 

( iv) Diohalopandalua bonniari 

This prawn is prasaat ia quantities which could probably support a fishery in various localities 
oa tha West of Scotland and probably alaawhara. 

JTo fishery sadists at present and it ia impossible without more information to assaas its 
potantialitiaa. 

(v) Palaamon adspersus 

This prawn is only fished commercially in tha Baltic by Denmark where oatohas hava varied 
between 60 and 340 tona in tha last 5 yaara. 

While this prawn alao ooours in many araaa it ia unlikaly to be abla to support substantial 
fiahariaa aaywhara. 



(vi) Crsvatta rose 1 (Palaamon aarratua) 

aamon aarratua ia oaa of tha larger palaemonid prawn reaching counts of 100 par kg. It 
SEara* species, tha moat northarly fiahariaa being in tha English Channel and Wale a whera 
iters omasa substantial mortalities. It livaa among aaa aaads on rooky ooasts and on tha 

" "" Tialda ara not 

(MAW, Conway, 
production. 



Pal 

is a SOB; 
oold winters 



adjaosat saa bad being oaught both ty baited traps among tha algae and by trawls. Ti 
likaly to be great anywhere, but it ia at praaant tha subject for artificial roaring 
and oommsroisl antsrpriss ia togland) which if successful could give substantial prod 



Prodi&otioa ia 1966 waa as follows! 



English Ohsaasl 
Franoh Atlantic ooast 



<10 tons (Potential 1O-100) 

700 tona (Potential 1.0 x 10 3 tons) 
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D, Total reaouroa potential of Region II 

Tbe following tabulation eynthesises tbo various estimates and potentials discussed abort. The 
ratbar surprising high potential increase in production rataa which are suggested \* tbaaa figures 
probably reflect ratbar tba atata of exploration of tba region ratbar than tbat it ia inherently riob 
in oruataoaan products. Suoh observations nay be bald to indicate tbat eetioatee made in ratbar 
poorly explored regions may very well be too low. 





Present 


Potential 


Lobatara 
Homarus vulgeris 


2.1 
1.4 
26.4 
(29.9) 

8.2 
? 
4.7 
0.4 
(13.3) 

17.2 
46.6 


3.3 

2.0 
60.0 
(650) 

13.5 
? 
6.0 
1.0 
(20.5) 

31.0 
49.3 
0.1(7) 
? 

0.5 
1.0 
(82.8) 


Faiinurue vulgar is 
Nephrope norvegioua 

Craba 

Canoer pagurus 
Caroinua maenas 


Mai a eguinado 


Portunus epp. 


Prawns, ato. 
Pandalua borealia 


Pan'iaiu'a montagui 0.1 
Diohelopandalue bonnieri ? 


Palaamon adeperaua 
^aiaenon eerratue 


<0.5 
<1.0 
(65-4) 




TOTAL 


108.6 


168.6 (tone z 10 3 ) 



Region III - Mediterranean and Blaok 3ea 

Tbaaa inland basins are ratbar unproductive of orustaoea and tba extremely oligotropbio nature 
of their eoologjr suggests tbat tbair potential production relative to otbar aaa areas ia likely to 
be low| nevertheless, tba 25.0 to 30.0 x 1CP tone of orustaoea produced each year from tbia region 
ia surprisingly high, yet tbia ia probably only a reflection of tbe relatively highly - exploited 
nature of tba resources. As for fish, ao for Crustacea? tbe fishing pressure ia probably extremely 
high relative to tba low production rates of tba marine resources aa a whole in these aaaa. 

Tba production statistics are extremely variable in tbair quality, and to obtain any overall 
estimate af preeent day and hypothetical production one must make many assumptions, parbapa more than 
in some other regions. 

A. Lobster resources 

(i) Suropoan lobster (Homarua gammarue) 

There ia a vary avail production of tbia epeoies, eoaroely exceeding 1.0 x 10 3 tone annually, 
in tba Mediterranean Sea, mostly taken ty Italian boats, although tbia apparent national preponderance 
may rery wall be due to anomalies in tbe reporting methods of production atatiatioa from various 
oountriea. 

(ii) tforway lobeter (Eephrops norvegioue) 

Tbia apaoiea appeare to occur ratbar widely in deep water in tbe Mediterranean Sea and production 
ia ooneiderably higher than for tba European lobeter. Again, however, tba main producing ootmtry 
appears to be Italy with Algeria, Spain, and Yugoslavia each adding rather smeller quantities to tbe 
total. Tbe total production from tba Mediterranean baa remained extremely constant for tba laat 
daoada, varying only between 2.0 and 3.0 x 103 tone annually. 



R - CRU8TAGBAH 



(ill) Spiny lobster, rook lobater (Palinurua alephaa) - - P. vulgar! 

An extremely small quantity almost always less than 1.0 z 10 3 ton* annually, of this apaoiaa, 
together with traoea of P. regiua (green rook lobater) are takan in tha Mediterranean Sea annually. 
Tha oatohes ara produced aoetlyby vaaaala froa Algeria, France, Italy, and Spain although it ia 
extremely likaly that amall quantities ara takan ty a number of othar oountriaa, hat do not show in 
thair fiahariaa atatiatioa. 

B Crab raaouroaa 

Extremely small quantities of various apaoiaa of orabs ara takan in tha Naditarranaaa baain, 
appaarinf in tha atatiatioa of France, Spain, and of Tugoalavia. Tha total haa navar baan raoordad 
aa exceeding 1.0 x 10 3 tona annually and littla azpanaion appaara to ba possible, 

C. Pram and ahriap raaouroaa 

Tha balk of tha production of Crustacea in tha Mediterranean Saa ia inoludad in thia resource 
category, tha production of which haa baan rising slowly but rathar steadily in recant yaara. Froa 
laaa than 20.0 x 10 3 tona a daoada ago tha production ia now approaching 2$.0 x 10 3 tona. Thia flgora 
doaa not inoluda ahrimpa and prawn* whbh nay ba inoludad in tha atatiatioal category "varioua aarina 
oraataoaan" aa raportad \y a number of oountriaa, tha total of which for tha Naditarranaan and tha Black 
Saabaainaia now approaching 10.0 x 10 3 tona. Itia to ba axpaotad that 5079Jt of thia total should ba 
appliad to production from tha prawn and shrimp raaouroaa. Tha production atatiatioa fro* moat oountriaa 
do not paxvit partition of tha total production among tha constituent apaoiaa 9 and it ia difficult to 
apportion ralativa importance to tha apaoiaa which ara known to occur in tha Maditarranaan and Black 
Saa oatohaa, and which ara tabulated below. 

Prawna and shrimps of economic importance in the Maditarranaan 
and Black Seas; scientific and Spanish names 

Oamba 

Parapenaeus longiroatria Oamba blanoa 



Solanooera membranaoea 



?rangon orangon 



Oamba da Profundidad 



Ariataonorpha foliaoea Oamba roja 

iateua antennatua Oamba roaada (Oanbli roaai - Malt.) 

iionika. edwardsTi Carabinero 



Ariat 
JS3& 



Langoatino 

Panaaua karathurua Langoatino 

Qoiaqpzilla 

Palaemon alagana(L.aquilla) 



Palaaaon xi 



Palaemon adspersus 
(Plesicnika app. ?) 



Of tha apaoiaa tabulated above, Parapenaeus loiuriroatria ia probably tha apaoiaa of which tha 
est catch ia takan currently in &e Mediterranean, and thia ia certainly true for those oountriaa 
ITspIin; Prance, and Italy^ for which tha atatiatical data ara relatively eophistioatecL Probably 
next in importance ara tha dae^living prawna (known in tha Spanish fishery aa gamba da profundidad) 
and it ia probably thia raaouroa from which tha greatest increase of production may ba expected, 
although it ia already rathar well surveyed and ia already under fairly heavy exploitation, particularly 
ia thaweatarn baaiiTof tha Mediterranean froa Italy and Sicily to tha Straits of Oibraltarf Ariateu* 
autennatus ia tha only commercial ahriap taken at Malta, where it occurs at 200-400 a on soft clayey 
deposits. These Central Maditarranaan ground, already ppw to have reached their amxiau. production 
(JA. Qalea personal communication). While both gamba and gaaba da produndidad ara known to ba dominant 
ia tha landings of Spain, Franca, Italy, Tunisia, and Algeria, the langoatino, Penaaua fcarathurua (which 
ia a panaaid of exceptionally large sise, and which oooure also along tha tropical West African ooaat) 
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is important in some of the smaller fisheries because of the relatively high value of the individual 
prawns on the market. 

The small shrimps of the genera Crangon and Palaemon are nowhere taken in large quantities; the 
largest production which is probably attributable to such forms appears to be that reported ty Bulgaria 
where it has reached between 4.0 and J0 x 10* tons annually. 

In the Central Mediterranean the only shrimp fishing in the Adriatic is beyond 600 m depth, while 
in the Ionian Sea coastal fishing predominates | in the remainder of the region (Tyrrhenian and Ligurian 
Seas, and around Sardinia and Sicily) shrimp trawling ooours from the ooast out to 600 m. It seems, 
from the rather dispersed statistics available that Italian oatohes (1967 - 10.0 x 10* tons) dominate, 
and make up a large part of the total Mediterranean shrimp oatohes. 

In the eastern Mediterranean, shrimp production ooours in only a few areas (ivanov 1964) notably 
on both east and west ooasts of Greece along the Turkish seaboard, on the ooast of Israel, end off the 
lile Delta. 

The Greek production is based on Penaeus kerathurus . which forms y& of the catch, together with 
Parapenaeus longirostris and Palaemon slogans. Catches are consumed fresh and locally and amount to 
almost 0.5 x 10* tons annually. The Turkish production amounts to about the same figure annually and 
probably depends upon the same speoies. 

The Turkish shrimp production extends from the Sea of Marmora (where no trawling, only traps, is 
permitted) to Adana in the east. The major exploited speoies are Parapenaeus IpnyirostriSt Penaeus 
trisuloatus. P. semisuleatus, and Metapenaeus monooeros, the last two of these being Indo-Pacifio 
species wnTohThavc migrated through the Sues Canal. Total production is less than 0.5 x 10* tons 
and no data are available regarding specific composition of the oatohes. Until recently, Iskandsrum 
Bay at the eastern end of the ooast was a major centre of production, but has now been fished out 
and the commercial fishery there has collapsed. 

The Egyptian production is rather greater, and in 1957 the oatohes off the Mediterranean ooast 
were about 2.8 x 10-* tons. In recent years (if one accepts Hall's estimate that 50jt of UAR production 
oomes from the Indo-Pacifio, see p. 28) the production has been about 5.0 x 10* tons. It is not known 
what speoies are represented in the oatohes. The sffeot of the Aswan High Dam will probably be to 
reduce production from this fishery. 

D. Total resource potential of Region III 

It is extremely difficult to estimate in an objective fashion the potential production in this 
region but it seems, from the stability of the landings, and from the general interest in the European 
markets in orustaoea, that the relative level of exploitation is probably already rather high of 
fisheries M disparate as those in deep water around Malta and in shallow water in Iskandsron Bay, so 
that no great increase can be expected. As indicated earlier, any major increase will probably come 
from the deeper-living shrimps and prawns which, although their general distribution is now fairly 
well understood have only in reoent years come under heavy exploitation. 

Because of these facts it is not postulated that the landings could be expected to increase in 
the foreseeable future beyond 50.0 x 10* tons altogether and this estimate may in fact be generous, 
bat is a conveniently rounded number, to be used here as the potential. In fact, it represents a 
little more than a 20Jt increase on present production, and an increase of this magnitude may be quite 
realistic. 
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28.0 


32.0 


33.0 


32.0 


37.0 


36.0 50.0 (tona z 10 3 ) 



Region IV - North Paoifio 

Thia ragioa anoompaaaaa tba whole of tha Vorth Paoifio froa tba oold watera north of Hokkaido to 
tha California Currant at tha laval of tha Mexican border. Hara tha important members of tha oruataoaan 
fauna ara quita diffarant fro tha oruataoaa of tha warmar parta of tha Paoifio - pandalid ahrimp 
raplaoa panaaida 9 varioua apidar oraba raplaoa spiny 1 obit ara, and ewimaing oraba ara virtually abaant. 

A. Crab raaouroaa 

Tha king orab (Paralithodaa oamtaohatioa) haa baan for many yaara tha moat valuabla aingle-apaoies 
oruataoaan fiahary in tha region, being taken \y flaata froa USA* USSR, Japan and Koraa. Tha total 
landings of thia apaoiaa have shown tha following development: 



1948 
1958 
1961 


- 


79 
18 
66 
88 


1962 
1963 
1964 
1965 


- 


103 
112 
120 
132 


1966 
1967 


- >149. 
- >133 


9 


(tona z 


10 3 ) 



Tha oantraa of production of king oraba have baant tha Okhotak Sea (and Tartar Strait, W. Sakhalin 
and V. Hokkaido) | tha Baring Seaj tha Oulf of Alaaka, aapaoially near KodiaJc. Traditionally! tha US 
flaata have fiahad tha Oulf of Alaaka and aoaa parta of tha Baring Saa while tha USSR and Japanese 
flaata have oooupiad themselves with tha stocks in tha Okhotak and Baring Seaa; tha diviaion of tha 
oatoh aaxrag tha varioua flaata in some raoent yaara waa aa followai 



Country 


1963 


1964 


1965 


1966 


1967 




Japan 
Koraa 

USA 

USSR 


31.6 
2.3 

35.7 
42.5 


31.8 
2.2 

39*3 
46.2 


25.9 
4.7 
51.2 
44.2 


31.0 

72?5 
46.0 


, 30.0 

61.6 
42.3 




TOTAL 


112 


120 


132 


>149.5 


>133.9 (tona z 


10**) 



There have baan indications that tha atooka in tha Okhotak Saa to tha waat of Kamchatka have 
seriously declined in recent yaara and it ia unlikely that tha potential production ia greater than 
tha praaent figure of 40.0-45-0 z 10* tona togathar with laaa than 5.0 z 10* tona of blue king orab (P. 
platypus); thia fact, ia however, not demonstrated in tha oatoh atatiatioa beoauae tha Soviet and 
Japanaaa fleets turned thair affort elsewhere. A decline, which may be the result of tha year- 
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olaas fluctuation or may be, due to overfishing, in now becoming evident in the data from the Gulf of 
Alaska. In the early 1960s, before any decline in availability became evident, the approximate 
distribution of the oat oh was as follows: 

Okhotsk Sea -USSR 31.1 
Japan 11.1 

Bering Sea - USSR 9*0 

Japan 13-5-18.0 
USA + 

Gulf of Alaska - USA 59*4 (tons x 10 3 ) 

The evidsnoe for a decline in king orab availability has turned attention towards the Tanner crabs 
of the genus Chionoeoetes. Three speoi.es are important in the North Pacific, and there is sons evidenoe 
that their abundanoe may bs linksd to that of the king orab (JUverson personal communication), so that their 
availability has increased as the stocks of king crabs have deoreassd: * tanneri occurs commonly in 
deep water from California to Washington, while C. opilio and C. bairdi~ooour in shallower water in 
the Gulf of Alaska. Speoies of this genus form about half the~Japaneee orab landings, and are exported 
under the nans of "snow orab* 1 . 

Also occurring in the region is the Dungeness orab, Cancer maltster, of the western seaboard of 
North America, together with similar speoies on the Astatic coast. The landings on the American coast 
follow, but similar data for the Asiatic ooast are not available* 



Country 


1963 


1964 


1965 


1966 


1967 


USA 
Canada 


11.3 
1.5 


10.5 
2.0 


12.2 
1.6 


16.1 
2.1 


17.7 
2.4 



The orabs Lithodss aequishina and Qeryon quinqjiedens are also available and may havs some potential 
in the region, though they are deep water orabe occurring at 300-1,000 m and may require the develop- 
ment of special techniques for its exploitation. A Japanese trap fishery at 300-500 m mainly now 
products about 3.0 x 10^ tons per year of L. aequidens. Other speoies of orabs that could be commer- 
cially valuable are Erimaorus issnbeokii, Telmessus oheiragonus, and Paralithodes breyipes. 

The reoent decline in the availability of king orab suggests that the total potential of this 
resource may not be as high, on a sustained basis, as the highest annual oatoh rates recorded in the 
data. For this reason, a very conservative potential production of 100.0 x 10^ tons annually is used 
here. The potential production of the Tanner orab is harder to guess. It has been suggested that it 
may be as high as that of the king orab, but if there is soo logical competition between these speoies 
their potential productions should be considered together. For this reason, the yield of Tanner orabs 
is guessed at being half that of king orabs when both are being exploited and a combined figure of 
1500 x 10^ tons for the two speoies is postulated* 

The potential production from the Dungeness orab stocks is hard to estimate; the annual fluctua- 
tions in availability seem to be due to year-class fluctuations, and there seems to be no evidenoe of 
serious over^exploitation. An increase x 2 over present average production of 22.0 x 10^ tons is postu- 
lated for present purposes. It is assumed, also, that a same potential of C. amphioetus occurs on . 
the Asiatic coast, though it is oonoealed in FAO production data, and a total potential ef 50.0 x 10-* tons 
for the whole region is used here. 

B. Prawn resouross 

The prawn and shrimp resources of the region are dominated ty about six speoies of pandalid prawn 
and a small number of orangonid shrimps, of much lesser importance. 

Gn the Asiatic ooast, the pandalid oatoh off South Korea amounted to about 3.2 x 10* tons in 



1965, and was dominated ty Pandalus hypsinotusi the North Korean oatoh, in which this speoies, together 

latirostrist is again doV 
5.0 x 10 J Tons^ In the Okhotsk Sea the pandalid resouross are known to be rich, but production has 



with some Pandalus latirostrist is again dominant, probably raises the total Korean oatohes to about 



not yet begun. Here, Pandalus goniurus dominates, except along the west ooast of Kamchatka, where 
PQgoolig becomes important. The potential of this area it not known, but is guessed to be at least 
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10.0 z 10 tons annually. 



Tha production statistics for the Baring Saa and the Gulf of Alaska ara combined, and tba composi- 
tion of tha oatohaa ara aa follows* Pandalua boraalla (80-90*), Pandalopsis dispar (5-1S&), Pandalua 
goniunia. P. hypsinotus and P. platyoaros 5%). Annual oatohas for tha whola of thia araa warai 



Taar 


USA 


USSR 


Japan 


Total 




1961 
1962 
1963 
1964 
1965 
1966 
1967 


7.3 
7.7 
6.9 
3.5 
7.6 
10.9 


0.6 
2.7 
10.7 
U.3 


10.2 
18.0 
31.6 
20.9 
9.8 
2.9 
3.3 


17-5 
25.7 
38.5 
25.0 
20.1 
24-5 (ton 


a x 10 3 ) 



Especially in tha Baring Saa, tha bulk of tha landings until tha laat fa* years had baan mads ty 
tha Japanese float, union has achieved a maximum production of around 30.0 z 10^ tona. Tha resources 
ara concentrated in a number of locations, among than tha Pribiloff Islands in tha Baring Saa. Here 
a Japanaaa float achieved tha following production figuraas 



1961 - 10.2 

1962 - 21.0 

1963 - 31.6 



1964 - 20.9 

1965 - 8.8 

1966 - 2.9 (tona z 



This oataatrophio collapse was probably due to gross ovarfiahing, and tha fleet haa recently laft 
thaaa grounds, and turned its attention to tha stocks of P. goniurua in tha Aradyr Gulf. 

There ara extensive (but mostly unmeasured) areas in Alaskan coastal waters where shrimp fisheries 
may develop in tha future. Ho reliable prediction of potential production is available* Few, fisheries 
ara looatad on shrimp stocks with vary high concentrations and/or oloae proximity to porta. Aa demand 
grows, operations will undoubtedly expand into more distant areas having lowar shrimp dansltias. Among 
tha potential shrimp areas are southeast Alaska and the Aleutian region. About 17,500 knr 
of ground near tha Shuaigan Islands can also be considered a potential ahrimp araa since tha Soviet 
fishery there ia now restricted to tha offshore sona by US closure to foreign fishing of tha 12-mi 
sone. Dominant species in unazploitad areas ara expected to be Pandalua bo real is and Pandalopsis dispar. 

It ia probably a reasonable supposition that whan all latent raaouroaa in this araa (Baring Soar* 
Alaska) ara in production tha oatohaa will be at laaat double tha present figure. This ia used for 
present purposes, and tha total potential production ia assumed to be about 100.0 z 10-? tona par yaar. 

Off Canada, tha praaant trap and trawl fiahariaa ara supported byt Pandalua jordani, P. borealis, 
Pl*tyoeros, hypsinotus, P. danaa wd Pandalopais dispar. Raoant years' oatohaa follows 

1904-00 

1965 - 0.8 , 

1966 - 0.8 (tons x 10 3 ) 



1962 - 0.7 

1963 - 0.8 



Only the araa of shrimp trawling grounds ia known with any certainty, tha total araa trawled now 
and in tha paat baing about 180 km 2 . The area of trap grounds for P. platyoaros appears to be consider- 
ably less. Tha prevailing rata of azploitation ia high on trawling grounds near Vancouver and around 
Vanoouvar laland, for P. borealis and P. jordani. and greater affort thara will not increase oatohaa 
appreciably. Stooka o? P. platyoeros available for trapping ara baliavad to bo utilised at a low 
laval. 

Exploratory fishing between 1953 and 1967 haa revealed unazploitad grounds for Pandalus borealis. 
P. jordani, P. Platyoaroa, and Pandalopsis dispar. Catch rates, using 70-ft semi-baloon Oulf, and 
16-Tt - mnriK) otier trawls, were fro* &-380 kg P*r hour in inlata and JO-600 kg par hour on tha outar 
ooaat. An estimate of potential trawling araa ia 630, km% and virtually all suitabla shrimp trawling 
grounds have baan explored, they ara not now under exploitation. On tha othar hand, probably more than 
half tha British Columbia ooaat ramaina to ba azplorad by traps. Consideration of tha known potential 
and hypothetioally fishabla grounds laads one to anticipate that production will increase sy 450 tons 
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within 10 years, firing a total production potential of about 12*0 x 10 ton* annually* 

Ob tht open Washington ooaat Pandalus Jordan! tupporta a trawl fishery.. Tba praaant annual oatoh 



BOiy.* 

ia variable, ranging from nil to 2.5 x 10* tona annually, and about 0.4 x 10 3 tona wara landad in 1967. 
The aiaa of tho fishery ia determined by tbo strength of tha dominant y tar-class, and it ia believed 
that produotion ia naar tba maximum auatainabla yield. In yoaro of high availability, boats wbioh 
normally trawl for bottom fiab convert to abrimp trawling. 

lo potential or hypothetical fishery off Washington ia known. 

Spaoioa undar exploitation in Pugat Sound inoluda Pandalus Jordan!, P. borealis, P. platyoeros, 
and P. danae. Annual oatobaa for tba area, including Hood danal 9 in 1^65 - ani 1960 were 2o and 22 tons, 
reepootively. A braakdown of tba 1967 commercial oatob ebowed tbat trapa took 8.3 tona and beam trawls 
3 tona.Aleo in 1967 the oatob of tbe eport trap fiehery for P. platyoerost P. danae, and poeeibly 
P. Jordan!, wae estimated at 8.6 tone. Stock* are preeently being fiebed to near their maximum potential. 

Tba potential production of P. Jordan! and P. borealia in South Puget Sound and Bood Canal , from 
about 400 km*, ia estimated at "about 2. 5 tone. Undoubtedly tbere are email iaolated populations of 
abrimp scattered throughout Puget Sound which are not now being fished. Tbe total potential for 
Waabington ia less than 3.0 x 1CH tone annually. 

Tbe only species currently subjected to trawling off Oregon ie Pandalus Jordan!. Produotion 
averaged 1.1 x 10* tone for tbe 10-year period ending in 1966, and a record or 4,7 x 10^ tons was 
reached in 1967. Reoent surreys of Oregon shrimp grounds hare shown stocks to be abundant in moat 
areas. Population sise is known to vary from year to year, yet it appears tbat tbe exploitation rate 
is at a level somewhat below tbe optimum. Thus, an increase in produotion may be expeoted and it ie 
anticipated that the oatob will double within 10 years. 

Ho potential shrimp trawl fisberiee are known, or anticipated, off Oregon. Of a hypothetical 
nature is a trap fishery for Pandalua platyoeros on tbe rooiqr bottom of Eeoete Bank, Stonewall Bank, 
and Astoria Canyon, consisting of at least 450 km 2 . This type of bottom appears similar to tbat 
elsewhere where P. platyoeros is fished. 

A total produotion potential of 10.0 x 10 tone may, therefore, be assumed for Oregon. 

Shrimps being fiebed at present on tbe California ooast are Pandalus Jordan! and P. platyoeros. 
Trawl catches of tbe former speoies in recent years worst ~ 



1952 - 078 1965 - 0.6 

1963 - 0.9 1966 -0.5 , 

1964 * 0.4 1967 - 0.6 (tone x 10*) 

P. Blatr ceres catches from a trap fishery are negligible, not reaching tens of tons in recent years. 

Other minor fisheries for three speoies of Crangon exist in San Francisco Bay, and a potential 
exists for development of a small trawl fishery for Sloyonia ingentis off Santa Barbara. 

It is unlikely tbat tbe total California potential produotion will be greater than 2.0 x 10 3 tons 
annually, even with all minor potential speoies in produotion. 

C. Spiny lobster resources 

A very small fishery, landing about 250 tons annually, occurs for Panulirus interrupts off 
Southern California. This is fully exploits* and is neglibible in tbe present context. 

D. Total production potential of Region IV 

Table 1 indicates tbe conservative estimates of potential produotion of Crustacea from Region 17 
tbat have been used ia tbe above discussions. This may very well be considerably too low, but there 
do not appear to be good reasons from presently available data to set it higher* 
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Region V - Weetern Central Atlantic 

Thie ragion oompriaea tba Atlantic ooaat of tha Unitad Stataa t tha Gulf of Mexico, tha Antillee 
and tha Caribbean Sea, and south along tha aaat ooaat of South America to tha aaatarn boundary of 
Vanaauala. Thia ia an ooaanographioally complex region, covering tha tropioal and aubtropieal ragiona 
of tha western Atlantic Ocean. Tha ooourranoo of graat river affluanta in tha Oulf of Mexico, and 
along tha ooaat of South America, combined with tha occurrence of very extensive ooaatal lagoon ayateaa 
randan it a Tory productive region for penaaid prawns, and theae reaouroea are parhapa more) fully 
exploited hare than anywhere also in the world mainly beoauee of thair proximity to tha graat omataoean 
markets of forth America. 

A. Lobater reaouroea 

Two apeoiee of apiny lobater occur in thia region, both of thea ranging rather widely from Bermuda, 
through the Oulf of Mexico and the Caribbean area, to the Atlantic ooaat of South America^ theee are 
Panulirua argue and P. laevioauda. The ooamon lobater Hoaarua amerioanua haa in recent yeara bean 
trawled ia daap water off Virginia and North Carolina, production reaching 75 tone annually. 

The landinga of theae two apeoiea are partitioned between five oountriea aa tabulated belows 

Regional landing! of apiny lobatara 



Country 


1961 


1962 


1963 


1964 


1965 




Bahamaa 














1.2 




Cuba 


8.2 


7.5 


7.4 


6.6 


9.1 




Nexioo 


- 


- 


0.2 


0.2 


0.1 




U.S. A* 


1.3 


1.4 


1.4 


1.6 


2.8 




Venezuela 


0.1 


0.1 


0.1 


0.2 


0.1 




TOTAL 


9.6 


9*0 


9.1 


8.0 


13.3 (ton 


a x 10 3 ) 



Production from thia region ia now approaching 14*0 x 10 3 tone annually and although 
aa around Cuba and Florida, the atooka are probably rather heavily exploited, it ia reasonable to 
euppoae that further development of the fiahery ia poaaibla in tha other relatively under-developed 
Antillean ialaada. and it ia, therefore, gueaaed that a 50)1 inoraaaa over preeent production ia likely 
to be poaaibla. The potential of thia region ia, therefore, for preeent purpoaea, mat at 21.0 x 10* tone 
annually. It ia to be expected that the greateat inoreaae in production will come from tha ialanda of 
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Jamaica, Dominica, and the Virgin Islands, with parhapa acme now production fro* tha eaatern ooast of 
Central America. 

B. Crab resources 

Tha graataat production of oraba in thia ragion comae from tha blua swimming orab and tha Atlantic 
and Gulf ooaata of tha USA, Callinaotas sapidua. Tha production fro* thia fiahary is oonaidarably 
higher on tha Atlantic than tha Oulf coast of tha U.S. A* bat appaara to have raaohad a point naar ita 
man mum sustainable production. Tha rathar atabla production in tha laat 5 yeare ia probably dua to 
a combination of raaouroa limitation, and to tha fact that tha relatively low-priced prodnota from 
thia fiahary atill demand relatively high labor oosts, and for thia raaaon tha northern fiahariaa of 
tha Atlantic ooaat are declining relative to tha remainder. The USA catenae in recant yaara are aa 
tabulated below: 

US landinga of blue erab (Callinaotaa sapidus) 

1961 - 69.3 1964 - 71.3 

1962 - 70.4 1965 - 75-9 

1963 - 6^*9 1966 - 71.9 (1966 - Atlantio-58.0 . 

- Gulf-13.9) - (tona x 1<T) 

A email number of other apaoiaa of oraba are alao exploited in tha U.S.A. and tha reat of tha 
region, thaaa in recent yeara obtaining a production rate of only about 2.0 z 10^ tona a year. Tha 
atatiatioal category 'various oruataoea 1 raaohaa 5.0 to 6.0 x 10* tona annually in tha ragion as a 
whole and probably contains a rathar large percentage of oraba of various speoiea, probably dominated 
by swimming oraba throughout tha Caribbean and Central America. Tha potential of oraba from tha ragion 
is extremely difficult to gueaa and for preaent purpoaea is sat at tha extremely conservative level of 
80*0 x 10* tons annually, which is vary little in axoass of tha preaent blue orab production off tha 
U.S. A. It may vary wall be that thia figure should rathar have been sat, and will prove in tha long 
run to be 150.0 x 10 3 tons annually in view of recent ( 1966) indications on increased production on 
tha Taxas ooast. 

C. Prawn raaouroaa 

It is thasa which are tha most valuable and largest orustaoaan rasouroas of tha ragion and thia 
is one of tha major oentraa of prawn production of tha world. Approximately 10 taxa of shrimps and 
prawns are currently exploited and of thasa 7 *ra shallow-living members of ths genus Penaaua, tha 
adults of which live upon tha continental ahelf, spawn there, and as far as is known pass thair Juvenile 
period in ooastal lagoons. Two spaoias of panaaids not of this genus and amallar in aiaa having a 
shallow continental ahalf ecology but without entering lagoona in tha Juvenile ataga are also exploited, 
as is a single spaoiaa of deep-living penaeid which oooura throughout tha entire ragion on tha uppar 
parts of tha continental slope. Tha exploited spaoiaa with thair soiantifio and induatrial name a and 
indication of thair rsngas within tha ragion are given in tha following tabulations 

Panaaus satifarus - white shrimp - Haw York to Campaoha, Mexico 
P. sohmitti - oamajpon blaaoo - Honduraa to Brasil 
* *aoua astecua - brown shrimp - Masaaohusetta to Campaohe 
? aataoua aubtilia - oamar6n marro'n - Honduras to Brasil 



^* ^orarum duorarum - pink ahrimp - Chaaapaaka Bay to Mexico 
P. d notialia - oaramel shrimp - Cuba to Brasil 



- spottad pink shrimp - disjunct, Carolina* to Brasil 
flphopanaus kroyari - aeabob - Vorth Carolina to Brazil 
gioyonia breviroatria - rook ahrimp - Virginia to Yucatan 
Hymanopanaaus robuatus - royal red shrimp - entire ragion 

Tha white ahrimp, Panaaus satifarua, has three oentraa of abundance where it is preaently fished 
intenaively. Thasa are (1) off Georgia and northeastern Florida on tha Atlantic ooast of the USA, 
(2) off ths ooast of Louisiana on tha Gulf ooast of tha USA, and (3) naar lala dal Carman, Campaoha, 
on tha aaatam ooast of Mexico. 

Tha oammron bianco, P. sohmittit is more diaper aed than tha above spaoias, and fishabla oonoentra- 
tions occur especially of? Cuba, off tha Honduras-Hioaragua area, and off Vanasuala, but ia nona of 
thasa plaoas do stocks appear to be comparable in dansity to those of P. satifarus off Louisiana. 



ma/re? 
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P. asteous ytaoua. tha brown shrimp, occur, in four principal fishabla oonont rational on tha 
Atlantic ooaat of tha USA off the Carolina*; in tho Oulf of Mexico between the Mississippi and north- 
eastern Mexioo; from tha north of Taapioo to Varaorus 9 Mexico; and finally along tha ooaat of Tabasco 
and south-west era Campeohe, Mexico. Tha araa of graataat abundance ia in tha nortb-oantral and north- 
western Ouif of Mexico. Tha principal atooka of P. a. aubtilia appaar to ba to tha aoath of thia 
region along tha ooaata of Guyana, Surinam, Frenoh Guiana, and Brasil, and thia apaoiaa ia only of 
importance in Ragion V along tha ooaat of Vanesuela. 

P. duorarua duorarum oooura in two graat concentration., ona along tha southwest ooaat of Florida 
and tha other on tha Campeohe bank, off tha aaat ooaat of Mexico. P. d. notialia oooura in fishable 
concentration, only at Cub*, tha Honduraa**ioaragua araa, and in tha Oulf 1 o* Vanaauala. 

toraailianaia ia not a graat oofflmareial importance in thia ragion, except in tha ragian from 
Cabo Cetoohe to I. la ttujaraa, Mexico, the ooaat of Honduras and Nioaragua, and to .one extent to 
Colombia and Vanaauala. Tha largaat atooka are apparently to tha aouth of tha ragion. 

Commercial oonoantrationa of tha aaabob, Xiphopansua kroyarit occur aa followai in tha northern 
Oulf of Mexico, particularly to tha we.t of tha mouth of tha Missiasippi River; off Ficaragoa; off 
aaatarn Vanaauala; and off Trinidad. Tha largaat atooka of thia apaoiaa are alao to tha aouth of thia 
ragion. Known concentration, of tha rook shrimp, Sioyonia braviroatria, occur from about Charleston, 
South Carolina to New Smyrna, Florida; in tha north-western Oulf of Mexico; and in tha Oulf of Campaoha. 

Tha deep-water ahrimp, Hymenopenaeu. robustus, known to the trada aa tha royal red shrimp, ia tha 
only apaoiaa of deep-water crustacean considered in this area, although a number of othar apaoiaa 
occur with a rather similar ecology. There are three localities where fiahabla oonoantrationa of tha 
royal red ahrimp are known to exist. These are along the coast of tha USA and are located (1) off 
tha aaat ooaat of Florida between latitude 27-3 1, (2) along tha Florida Straits between longitude. 
82-84W f and (3) southeast of the Mississippi River Delta between longitudes 87-9 1W. Theaa grounds 
are named, respectively, St. Augustine, Dry Tortugas, and Mississippi Delta. 



In addition to these species which are discussed above, and on which the present production in 
tha ragion ia based, there are of course alao many othar apsoias of prawns and shrimps in tha araa, 
thaaa being mostly of small aiaa ( such aa those of the genera Parapenaeus. Penaeopsis, and Traohvpenaus) 
that may or may not ba taken and utilised incidentally with present commercial operations, and which 
may or may not have future potential as a commercial resource. These have not been included aithar 
because they are not reported in present landings or because it is unlikely that specific fisheries will 
develop in tha foreseeable future from them. Alao not inoludad in tha present consideration are tha 
deap-watar penaeids (Aristaeomorpha foliaoea, Aristeus antennatus, Penaeopsis serrata, and Plaaiopanaaua 
adwardaianua) . and tha pandalid Plasionika adwardsii have been reported on numerous occasions aa ooour- 
ring throughout tha area, but nona of these except Panaaopsis serrata (which ia of small siaa) has 
been looatad in concentrations sufficient to suggest supporting tha commercial fishery. Tha following 
tabulation summarises tha present production of all apeoiaa of prawn throughout tha araa Igr countries, 
and thair estimated potential production. This cannot be broken down ty species, aa in almost ovary 
case tha available national statistics are not stratified by apeoiaa. 



Country 


Present 


Potential 




U.S.A. 


78.7 


102.0-127.0 




Cuba 


2.0 


2.5 




Mexico 


30.9 


33.0 




Bahamas, Antilles 


1.0 


2.0 




British Honduras 


0.2 


0.4 




Guatemala 


+ 


0.2 




Honduras 


2.1 


3.0 




Nioaragua 


2.1 


4.0 




Coata Rica 


+ 


0.2 




Panama 


+ 


0.2 




Colombia 


0.4 


2.0 




Venezuela 


7.8 


11.0 




TOTAL 


125*0 


160.0*185.0 (tona x 


10*) 



Tha estimates of present production or currant production in the above table have been derived by 
, not from single recent years data bur rather from long-term averages* For instance, tha OS 
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current produotion ia derived froa the 10-year average, 195&-*7t the Mexican current production ia 
based oa the 9-yaar average, 1958-66 and includes landings of US vessels whose oatohos woro aade 
off tba coast of Mexico. In soae oases, such as that of Nicaragua, the oatiaatea ia rather aade on 
the best available data even though this is for only a single year, in this case 1966, aad froa land- 
inge ia that year by us veaaela whose catches were reported as having been made off the coast of 
Nicaragua. The data froa Veneauela and Mexico are probably not very reliable aa a siseablo quantity 
of the landings in these areas are reported as "heads-on" in the data but in fact have probably been 
headed before landing; for tboss two countries, therefore, a factor of 1.68 to convert headless laadiaga 
to live weight has been used. It was necessary to group all countries and entities throughout tha 
Babaaas, the Greater and Lessor Antilles, with the exception of Cuba, for although practically all have 
small localised shriap fisheries their magnitude ie not large nor ia it likely to become so, and 
available landing data are ao scanty that both estimated produotion and potantial produotion are 
really only guesses. 

It should be noted that the estiaates of potential landings given in the above tabulation include 
15.0-40.0 tone from the as fishery which might be expected eventually to accrue by changing present 
management prooedurea. Eliminating thia accrual frca good aaaageaent we arrive at little more than 
140.0 x lO^tons aa the potential we can expect by increased fiahing in some localities and by fiahing 
species which are not now utilised. In other words we can expect only about a 16Jt gain ia landinga 
by increasing our fishing effort. It would be quite unrealistic at the present moment to atteapt to 
oatiaate what iaproved aanacaaant prooedurea might accomplish in the remainder of the region and 
although these might significantly lift the final estiaated potential produotion thia ia net done 
at the present aa it would be entirely unreal ietio. 

D.. Total resource potential of Region V 

The eatiaatea of present produotion and of potential production discussed above are tabulated 
belows 







Preaent 


Potential 




Lobsters 










Panulirua app. 


13.3 


21.0 




Crabs 










Callineotea 


app. 


74-9 
2.0 


J 80.0 




Oiners 
Prawns 


Penasid and Crangonid 
^rawna and ahriapa 


125.0 


160.0 




TOTAL 




215*2 


261.0 (tona x 


10*) 



Tbo rathar aodaat potantial iaoraaao in produotion auggoatod for thia ragion ia undoubtedly a 
function of tho rolativaly high lovol of exploitation already aohiarod, and whioh ia diaouaaad in tha 
tart aboro. 

Region VI Saatam Central Atlantic 

Proaont oatoboa are low, loaa than 5*0 x 10 tonaf roaourooa ooapriae orayfiah of aereral apaoiaa, 
laaa than 10 apaoiaa of ponaaid prawns, and a fow othor ainor apeoiea. Deliberate exploration for 
oruataoeana baa baon oarried oat only in tbo Bight of Biafra, and tbo unsatisfactory data for oruataooan 
froa fish roaouroo survays aaka naaorioal projeotiona of potantial raaourooa, and future yields very 
subjootivo. 

A. Lobstar raaouroo 

(i) Palinurua aaur^tanioua 

ti woat coast of Africa froa 18-5I, 60-600 a, ospaoially at 200 a on tba Arguin Bank. 

t 1963 - 2.5 x 10* tons froa 40 French and Spanish vassals. Potential! prosantly 
iabed (Postal 1967). 
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Actual landing!: 10*20 tons. Potential: perhaps 1,000 



(ii) Palinurus oharlestoni 

Habitat i Cape Verde Islands, 150-300 m. 
tons with other species (Poetel 1967). 

(iii) Panulirus regius 

Habitat i from Cape Juty in Noroooo to the south of Angola, including Cape Verde and Oolf of 
Guinea Islands; down to 40 m, but mostly at <20m, on rooty and other hard bottoms* Actual landings: 
200-500 tons from Senegal-Mauritania directly to Pranoe; 75-125 tons at Dakar, Senegal; 46-j>6 tons in 
Ivory Coastf 10*20 tons in several other West African ports. Pottntialt negligible, perhaps 100 tons, 
in tropical Gulf of Guinea; 400 tons in Senegal and Mauritania; Angolan potential not known but pos* 
sibly between 250-500 tons (Postel 196? , Williams 1968) 

B* Prawn resouroes 

(i) Penaeus duorarum 

Habit at i in Eastern Atlantic the fora commonly known under this name occurs from Cape Blanco to 
Angola; ite identity with the Western Atlantic form does not appear to have been critically examined; 
coastal i down to 100 m, most common and abundant from 30-50 m in thermooline water and on soft mud 
associated with this depth. Juveniles in estuarine systems and lagoons* Actual landings* as tabulated 
below in 1966, just under 3-5 * 10* tons for this region. Potential! only suggestion that MST has 
presently been reached oomes from Senegal rivers (e.g. R. Casamanoe)7 Elsewhere, exploitation is 
just starting, particularly from Nigerian ports, where production has now reached about 2.8 x 103 tons 
annually* Surveys, and patterns of exploitation, indicate that oentres of production will be from 
Senegal to Guinea and from Dahomey to Gabon, including Fernando PC, with the greatest resouroes off 
the liger Delta and in the Bight of Biafra. Catches off the US eoast of the Gulf of Mexico of this 
and related speoies reaches 75*0 x 10* tons per year and it seems not improbable that a figure similar 
to this, between 50.0 x 10* tons and 100*0 x 10* tons is likely for the Gulf of Guinea, and oould even 
be surpassed; the lower figure is adopted for present purposes. 

Penaeus duorarum, landings in 1966 



Senegal 


- rivers 


0.45 






- sea 


0.52 




Ivory Coast 


- lagoons 


0.30 






- sea 


0.15 




Dahomey 


- lagoons 


0.27 




Nigeria 


- sea 


1.20 




Cameroon 


- sea 


0.12 




Gabon 


- sea 


+ 




Congo 


- sea 


+ 




Angola 


- sea 


0.15 




TOTAL 




3.16 (tons x 


10^) 



(ii) Parapenaeopsis atlantioa 

Habitati from Senegal to Angola, ooastal and down to 60 m, but most abundant at 1O-40 m; juveniles 
do not enter estuaries and lagoons. Actual landings: statistically, not generally separated from 
those of P. duorarum, and only in Ivory Coast and Congo are data available: in the former from 15-30 
tons, in The 'latter from 1-5 tons annually appear to be landed. Potential: limited, but specialised 
fisheries may develop, as for the 'seabob' and other shrimps smaller than P. duorarum in the Gulf of 
Mexico. Impossible to quantify an estimate at this moment. 

(iii) Parapenaeus longirostris 

Habitats Mediterranean and west coast of Africa south to Angola; in tropical region occurs on 
deeper""parte of the shelf especially between 150-300 m. Actual landings: negligible, less than 50 
tons annually by a few Spanish vessels north of Cape Verde. Potential : although survey data indicate 
the presenoe of this speoies throughout the Gulf of Guinea, it is not presently possible to ojuantify 
the potential yield (Crosnier 1967, Nonod 1967 , Williams 1966). 
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( iv) Plesiopenaeus edwardsianus; Plesionika mart i a; Aristeus varideust A. an term at ut; Qlyphus 
marsupialis ~ 

Habitat i those are ths main elements of a shrimp fauna on the upper part of tht continental elope 
which oooure probably throughout the inter-tropical region from 200-900 a, eaoh epeoiee probably having 
a preferred depth range. Actual landing! t unknown, but eome exploitation ty Spanieh trawler* off 
Sierra Leone and Senegal, landing in Lae Pal mas and Ruelva. Potential; un quantifiable, but by analogy 
with Mediterranean fiehery for eome of these, and other related epeoiee with similar ecology, a yield 
of 10*0 x 103 tons annually in the tropical cone oould be postulated (Crosnisr 1967, Maasuti MS. v 
Monod 1967, Ivanov 1964, Williams 1966). 



( v ) 



hastatusi Hippolyemata haetmtoidee 



Habit at t estuaries and lagoons of tropical region, coming onto shelf areas during rainy season. 
Very shallow, along beaches. Actual landings! not known, but probably running into some hundreds of 
tons sinos beach seine oatohes at Lagos may taks more than half-a-ton per haul during ths season. 
Potential! unquantifiable, but probably less than 1,000 tons for the whole Oulf. 

C. Crab resources 

(i) Portunus validust Callineotee spp. 

Habit at t blue swimming orabs are common and abundant throughout the Oulf of Ouinea, coastal and 
estuarine out to 50 m, usually shallower. Portunus dominant on continental shelf, Callineotes spp. 
in estuaries and lagoons* Actual landings? presently not quantified, and negligible except as minor 
element in indigenous fisheries. Trawler catches mostly discarded. Potential; by analogy with 
swimming orab fishery on eastern coast of USA, a yield of 10.0 x 10^ tons for Oulf of Ouinsa 
appears possible, providing an economic basis was established. It seems extremely improbable that 
this potential will be realised in the foresseable future, however. 

D. Total potential resources of Region VI 

Ths following tabulation is based on the production and potential estimates made above: 



Present 


Potential 


Lobsters 




Palinurus mauritanicus 2.5 


2.0 


P. oharlestoni + 


1.0 


F. regiue + 
(2.5) 


1.0 
(4.0) 


Crabs 




Portunus validus + 


10.0 




( 10.0) 


Prawns 




Penaeus duorarum 4*6 


50.0 


Parapenaeopais atlantioa + 


1.0 


Parapenaeus longiroatris + 


1.0 


Deep penae'ida + 


10.0 


Palaemon hastatus -7 


1.0 


ftlppoTysraata hastatoi de s \ 


J 14-6) 


(63.0) 


TOTAL >6.0 


77.0 (tons x 10 3 ) 



That the suggested increase in production for this region is relatively large is a reflection of 
the fact that it is only in ths last few years that exploitation of ths most important crustacean 
resources, those of Penaeue duorarum, has been started* In ths present state of knowledge of the 
stooks of this species the suggestion mads here as to potential production must be extremely subjeotiv 
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Region VII - Western Indian Ocean 

This region extends northward* from the boundary between South Africa and Mozambique along the 
ooast of east Africa and around the Arabian Sea up to the western ooast of Ceylon. It is one of the 
larger and more diverse regions and contains a very high number of speoies of Crustacea, some of 
which support important fisheries. 

A. Rook lobster resources 

There appear to be no major resources, or centres of production, of rook lobsters in this region 
which is to the north of the important stocks of Jasus lalandii in southern Africa. Only around the 
Kerguelen Island in the extreme southern part of this region is there a rook lobster resource of any 
abundance, and this is neither very extensive, nor are there good production figures for it, but it 
is known to be exploited by French langouste boats, and the speoies which is exploited there and in 
small amounts round New /msterdam and St. Paul Islands is believed to be Jasus paulensis. 

Turning to the African ooast, the Natal rock lobster Palinurus gilohristi extends northwards 
along the southern ooast of Mozambique, where small quantities are taken off South Africa. The 
exploitation of this species is Just beginning and a plant capable of freezing 2.5 x 10* tons annually 
has been installed inLourenoo Marques. This figure is here used as the potential for P. gilohristi 
from Natal and Mozambique. In the Mozambique Channel, Panulirus ornatus, P. longipes and P. vereioolor 
are taken ty a number of methods and produce approximately 150 tons annually. From the nature of the 
environment, and the distribution of these species, it is impossible to employ industrial methods of 
fishing, and the production of these species in this area will be determined by the amount of individual 
effort which local fishermen are prepared to put into the fishery. Postel suggests a total production 
of 6*00-700 tons from this area annually. 

On the southeast ooast of Madagascar, P. homarus and P. pen ioi 11 at us are taken with nets; the 
rate of production is extremely low, of the~order or 20 tons annually. In the Masoarene Islands, 
penicillatust P. ornatus and P. longipes are taken in small quantities along the coral reefs ty 
local divers. In~the Red Sea and the Gulf of Aden, P. penioillatue and P. ornatus are again present, 
and are taken in very small quantities by local divers. "" 

Recently promising catches of deep-sea labster, Puerulus sewelli have been taken in deep water 
( 100-150 fm, oa 200-300 m) off Cochin. 

In sum, it appears unlikely that the production of spiny lobsters throughout the region will 
significantly exceed 3.0 x 10 3 tons annually. 

B. Crab resources 

It is presently impossible to estimate the catches of crabs from this region* The rather large 
quantities of 'other Crustacea 9 reported in the landing statistics of India and Pakistan suggest 
that significant quantities of crabs, probably mostly portunid swimming crabs, are produced but the 
present breakdown in statistics makes it impossible to define this. 

The only studies of edible crabs in the Indian Ocean, from a commercial point of view, appears 
to be that of Ouinot (1967 a). The degree to which crabs are utilized in the Indian Ocean appears to 
vary very widely, especially for smaller speoies, and the potential yield from more widespread fish- 
ing than is practiced at the moment could be quite high, although Guinot attempts no estimates of 
production rates. He implies that at least some speoies, for example Portunus pslagious, are rather 
heavily fished. 

Off Mozambique, several species of crabs are landed in small quantities, partly as a by-product 
of the shrimp fishery. They include Schylla serrata. Portunus pelagioa. and P. sanguinolenta. Possibly 
appreciable stocks of S. serrata (mangrove crab) occur in mangrove swamps along the entire East African 
ooast. 

C. Shrimp and prawn resources 

In Mozambique, just to the north of the South African border, the important speoies appear to 
be Penaeus indious. P. monodon, P. semi sul oat us. and Metapenaeus monooeros. P. indicus constitutes 
about 70)b of the catches. Speoies of secondary importance are P. japonious and P. latisulcatus. The 
annual production in 1,000 metric tons of these speoies on the ooast of Mozambique is given in the 
following tabulation; this production comes from an area of about 3,000 km" of offshore trawling 
grounds and 1,000 km* of inshore bays and estuaries, of which the inshore areas of Belagoa Bay, 
Inhambane, the mouth of the Save River and Mecufi are the most important. 
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1964 


1965 1966 




Off abort trawling 


0.1 0*1 


Inshore fiaheriea 0.4 
(beach aeinea 
and trapa) 


0.4 0.6 




TOTAL 0.4 


0.$ 0.7 


roially exploitable atooka of 
balow about 200 fm, together 


Eyroenopenaeue triarthrua are present la 


with apaoiaa of'Aristeus and Hamipanaaua 



It ia thought that 

deeper water off Moaambique, _____ 

whioh might contribute to thia potential fiahery. It eeema likaly that future production may expand 
in tha ahallow areas to tha north and aouth of tha Limpopo River, along tha Sofala Bank and aa far 
north aa the Zambesi Rivar mouth j in deeper water, at a depth of around 250 fm, prawna ara abundant 
from Moma to Moaambique I aland. 

tfo detailed data ara availabla for tha fisheries off Madagascar whioh are baaed largely on ataka 
trapa and ara much diffused, but atatiatioa ara maintained by one firm whioh took 30 tona from 20 
trapa during 1959; FAO atatiatioa indicate 1.3 x 10* tone in 1966 and thia number seems reasonable. 
Panaaua induoua probably oonatitutes about 70 of tha oatohaa, P. mpnodon 15Jt and Matapanaaua monooeros 
a further I9fri Panaaua japonioua and Traohypenaeue ourviroatria may be common at timaa out ara never 
caught in large quant it iee ip praaant methods. Some shrimp trawlara may hava reoently begun operationa 
but no detail a ara availabla of their landinge. A email fiahery for Nephropa andamanious haa reoently 
developed. 

There ara no good atatiatioal data for praaant prawn and shrimp production from Taniania though 
tha FAO atatiatioa mention a production rate of 0.5 x 10-* tona annually. It ia known that email 
Japaneee-operated trawlara hava bean exploring tha ooaat, and reoently hava bean reported to be taking 
10 tona per day from tha region north of Daivee-Salaam. It ia likaly from survey work in thia area 
that the apaoiea whioh they ara taking ara primarily Penaeua mono don, P. aemiauloatua and P. indioua. 
There ara email subsistence level fiaheriea using fixed trapa in the Rufiji Delta where small quantitie 
of large P. monodon and all aiaaa of P. indioua together with email quantities of Metapenaeua app. 
constitute tha oatohaa. On tha ooaat~of Kenya, small boat oparationa in tha extreme aouth ^ Shimon! ), 
and in tha extreme north (Lamu) hava bean building up over tha laat 18 monthe but there ia no record 
of their oatoh rate, nor of tha apaoiea involved! it ia oonaidered likely, however, that tha oatoh 
composition will not differ vary much from that of Tanzania. There ia no knowledge of prawn raaouroea 
off the ooaat of Somalia, and there appears to be no fiahery in that area. An annual spawning run of 
panaaid shrimps in tha mouth of the Juba River haa been recorded, and small numbers of penaeids are 
known to occur in tha aatuariaa of other small rivers but theae atooka have neither been quantified 
nor exploited. 

In the Red Sea, the Oulf of Aden and off the southern Arabian Peninsula there are fisheries for 
Penaeua aemisuloatua, P. japonious, P. latisuloatus, Metapenaeua monooeroe, M. atebbingi, and 
Trachynenaeusourviroatriat but only P. aamisuloatua ia likely to be important commercially. Tha 
only atatiatioal data from thia area"are thoaa from Egypt whioh in 1963 quoted a total shrimp and 
prawn oatoh of 10.4 x 10* tona but without any raoord of how much, if any, of thia oatoh waa taken 
from tha Red Sea, or tha Oulf of Aden. A very small seasonal oast-net fiahery for prawna exists in 
Aden at the inlet e to tha salt pans. 

In tha Persian and Arabian Oulfa an important prawn fiahery haa grown up in recent years, in 
whioh Panaaua semisuloatus dominates tha oatohaa and whioh alao inoluda small quantities of P. 
latisuToatuiTand Matapanaaua af finis, axoapt for tha Hormua Strait-Bandar Abbas region where Penaeua 
merguienaiTmay be the dominant apeoiaa in tha oatohea. Tha estimated total commercial catches from 
thia area in recent yaara are tabulated below. 

1959 - 0.6 1962 - 0.9 1965 - H4 

1960 - 1.1 1963 - 3.1 1966 - 16. 1 * 

1961 - 1.7 1964 - 5.a 1967 - 14.6 (tona x 10*) 



Tha total area of tha Pereian Oulf ia about 239.0 x 10* km 2 * of thia total about 142.6 x 10* km 2 
ia shallower than 20 fm (oa 36 m). The exploitable area of the Oulf ia ao limited ty aand banks 
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and coral rasfs along the Arabian side, and lay soft mud in waters deeper than about 25 fm (ca 45 )t 
that only 10-20jb of tht total area may be trawlable, ay 35.0 x 10* km 2 . 

In ths past 2 yaara t 1966 and 196? the catch par unit of effort haa dsolined and in 1967 tha total 
production alao fall though it increased again in 1968. Some concern haa been expressed for tha stocks, 
but a vary recent aaaaaamant has concluded that there ia no clear evidence aa yet that the decrease in 
total catch was duo to fiahing preeture either dirootly or indirectly. It haa been acknowledged, how- 
ever, that in tha acre haavily-fiahad araaa a further increase in fiahing effort night reduce tha 
total catch. In view of tha praaant statue of tha stocks, it would bo unrealistic to expect any further 
considerable expansion of tha fishery, although sone further developments in tha more lightly fished 
araaa ia possible, and a maximum sustained production rate of 15.0 x 10* tons ia used here for these 
Oulfa. 

Off Watt Pakistan, Penaeus merguiensis ia recorded as outnumbering all othar prawn apooiaa in 
oatohaa from coastal waters, with t > enauT'aemiauloatua. P. penioillatus, Metapenaeus monoceros, and 
Parapenaeopsi s styl i f era alao being important. Caridean species do not appear to bo important. Tho 
total production of ahrimpa and prawns from these resources in tha laat few years ia aa follow*! 



1961 
1962 
1963 
1964 


- 


6. 
A. 

9. 
16. 


6 
6 
2 

1 


1965 
1966 

1967 
1966 


- 


18.0 
18.2 
17.2 
15.5 


(tons 


x 10*) 



Commercial fiahing ty shrimp trawlers ia conducted in the 7-23 A depth sone along tht 300 ml of 
this ooaat of Pakistan, and by beach seines in tha creeks. Tha total fiahing area ia about 11.0x10^km 2 . 
Tha oatoh atatistioa show a stabilisation of catoh since 1964 despite an increase in the numbar of 
boats from 226 in 1964 to 363 in 1968. Moat of the fiahing ia concentrated within about 50 mi of 
Karachi. These grounds art probably fully exploited, but exploratory fiahing haa shown that good 
oatohaa can ba obtained on moat distant grounds, especially south of the Indies. These grounds do 
not seem to ba haavily exploited, and the shrimp there are noticeably bigger. A sustained yiald of 
25*0 x 103 tons ahould be possible with a more rational distribution of fishing. 

Tha present fisheries along the west coast of India are rather heterogeneous in their specific 
composition, and productivity varies markedly along the coast. On the northwest coast (Maharashtra 
and Gujarat) which produces over 50$ of the catch, the prawns are rather small species, being dominated 
^ Metapenaeus af finis, Parapenaeopsi a hardwi okii , P. styl if era and Solenooera indioa. The dominant 
oaridean apeoies are Palaemon tenuipes and Hippolysmata ensirpstris, and these are caught in enormous 
numbers | together with the sergestid Acetes indious, from April-May and from November-December. The 
fishing techniques for all these apeoies are fixed bag and stake neta. 

Along the south-western coast of India there is a bigger variety of fishing gear used and the 
oatoh is distributed in the approximate proportions 3: 3s 2: sea (trawls, boat-seines): backwaters (stake 
nets, dipnets, oast nets); paddy fields. The most important species are Penaeua indious, Metapenaeus 
dobsoni, M. af finis and M. monooeros (marine and backwaters), Parapenaeopglg styliferaTonly at sea), 
and MaoroTiraohiuB rosenbergii (only riverine). The purely fresh-water speoies are of small importance 
911(1 M * rosenbergii ii oeught in very limited quantities in certain areas only. The production from 
the Indian west coast of penaeids and oaridean prawns in recent years is tabulated below: 



Year 


Penaeid 


Caridean 


Total 




1960* 


27-5 


35-0 


62.5, 




1961* 


32.9 


22.0 


54-9 




1962* 


42.2 


34.6 


76.8 




1963* 


30.7 


39-5 


70.3 




1964* 


52.0 


30.2 


82.2 




1965** 


28.0 


41.0 


69.0 


^ 


1966** 


45.7 


34.7 


80.4 (tons x 


10 3 ) 



Notes - * Data from Indian Fisheries Department 
* Data from 
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The littoral prawn* which art currently exploited occur down to about 30 m along the west coast 
of India bat all the beat area* are inside the 35 line. Survey fi thing in the 100-200 fa ( 180- 
360 ) range shows fairly large numbers of Penaeopeie reotacuta and Arieteus semidentatus, but there 
is no estimate of the likely production froa these deep water resources. Prom the manner in which 
the production has been rising in the last 5 years and from the fact that no production has yet been 
made from deep water resources it is considered for present purposes that a 20% increase over present 
production is quite likely, and a total production of 100.0 x 10 3 tons for the total west ooast of 
India catch in the future years is, therefore, assumed. 

Thirty-one species of penaeid prawn have been recorded from the waters of Ceylon. Ho analysis 
of the specific composition of prawn catches has been undertaken but the following species have been 
classified as being abundant on the west ooastt Penaeus indicus, P. merffuiensis, P. somisuloatus, 
Metapenaeus dobioni (most abundant of all penaeids, but small in site). TracKvpenaeua salaoo, and 
Parapenaeopsis ooromandelioa. Only the first three of these species are likely to be of major com- 
mercial importance, and oaridean prawns are of negligible importance. The catch in 1965 was 770 
metric tons from Ceylon and it does not appear that the catches have yet passed the level of 
1.0 z 10 3 tons annually which is suggested here as the potential production from the west coast 
of Ceylon. 

The prawn catches in the Western Indian Ocean may be summarised as follows: Penaeus indioue. 
one of the species in which the juvenile passes a part of its life in a fresh or brackish water 
environment is the dominant prawn along most of the southern part of the East African coastline, 
and of Madagascar. Further northward (with increasingly arid terrestrial conditions) the dominant 
speoies are those which are less dependent on freshwater habitats, such as P. semisuloatus and P. 
mer^uiensis, although post-larvae of both these speoies will migrate into fresh or brackish water 
areas if they can. These three speoies may all grow to a good sice. The west ooast of India has 
a muoh more varied penaeid fauna than do the regions to the west, and some elements are rather small 
in individual sice; it is difficult to be certain which are the most important speoies in the absence 
of objective data, but further to the south, off Ceylon, all three of those mentioned above are 
important in the catches. 

Whereever it is taken, namely throughout the region excepting the Red Sea, Penaeus monodon 
usually makes an important element of the oatches, not because it is abundant but because of its 
very large adult sice and excellent price in the market. 

D. Total resource potential of Region VII 

Prom calculations based upon the oatoh per km 2 per year over various prawning grounds in the 
Western Indian Ocean and on the assumed total area of hypothetical prawning grounds, Hall suggests 
that the total potential production of penaeids in the Western Indian Ocean might be approximately 
twice the present level and the production of oaridean shrimps would be additional to this. This 
would give a total production of at least 200.0 x 10 3 tons annually and this is used as the regional 
potential for present purposes even though it is not supported in detail in the following tabulation 
of present and potential production in Region VII. 



Present* 


Potential 


Spiny lobsters 


<0.3 
^(O.A) 

0.7 
0.1 
0.1 
5-0 
16.1 
18.2 
45.7 
0.8 

1 ' 3 (86.6) 
34 ' 7 (34.7) 


3.0 

^O.D 

1.0 
0.5 
0.5 
5.0 
20.0 
25.0 
50.0 
1.0 

n3 ( 104.0) 
<'( ? >(40.0) 


Africa 
Madagascar 

Penaeid prawns 


Moft'aaDiqpile 
Tanzania 
Kenya 
Red Sea, etc. 
Persian Oulf, etc. 
West Pakistan 
India, west ooast 
Ceylon, west ooast 
Madagascar 

Card dean shrimps 


India", west ooast 


TOTAL 


121.7 


147.4 (tons x 10 3 ) 
(200.0, Hall) 



Notes - * Data from most recent available 
year. 

** Because of lack of data on present 
production a potential has not 
been guessed for portunid crabs, 
but this may be large. 
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Region VIII - Eastern Indian Ocean 

This region extends from the east coast of Ceylon, around the Bay of Bengal and includes, at its 
extreme southeast corner, the western coast of Australia, the Indian Ooean ooasts of Sumatra and Java, 
and the west coast of Malaya and Thailand. 

A. Spiny lobster resources 

The only part of this region for which there are data on the occurrence of spiny lobsters and on 
the production of fisheries for them is Western Australia. Several species ooour here but only one, 
Panulirus longipes oygnus supports the important fishery. This species occurs from 21-34S along the 
west ooast oTAustralia, the majority of the commercial catch being taken from 28-32S, the crayfish 
boats operating from a number of ports between Premantle and Ceraldton. Pishing grounds are approximately 
24.0 x 10 J km* of water shallower than 155 m, though not all of this area has a substrate suitable for 
this speoies. During the "red crayfish season", the boats may operate from offshore islands such as the 
Houtman Abrolhos Islands. The fishing season extends from late spring through to the next southern 
winter and oatch data are, therefore, given for pairs of years. The production for recent seasons 
follows: 

1956-59 _ 8.0 1963-64 - 8.1 

1959-60 - 8.8 1964-65 - 7.4 

1960-61 - 8.2 1965-66 - 8.0 

1961-62 - 8.7 1966-67 - 8.6 

1962-63 - 9.1 1967-68 - 9.9 x 10 J tons 

A sustainable level of oatoh of 8 1 1 i 1Cr tons per year has been suggested (Bowen and Chittleborough 
1966 9 Sheard 1962)* Present exploitation rates are high (exceeding 



The southern crayfish ( Jasus novae ho llandlae) is common on the ooast to the south of 33S f but 
surveys have failed to find sufficient to support a fishery in this region. 

On the western ooast of Australia north of 22S, several speoies of panulirids ooour (P. versioolor, 
Penioillatus, P. o mat us and P. polyphagua). Local areas of abundance have been ol aimed" for certain 
of these, but test fishing failed to obtain any oatoh although various types of traps and bait were 
used. The potential resource of these species is not known, but it is not considered to be high in 
this region. 

B Crab resources 

Crabs are taken in small quantities in Western Australia and throughout the region. The same 
remarks as were made for Region VII apply also to this region in regard to this resource, which is 
presently un quantifiable. 

C. Shrimp and prawn re source B 

The catch of prawns along the east coast of Ceylon in 1965 amounted to 1.5 x 10 tons; no analysis 
of the specific composition of the catches has been made, but the following speoies have been recorded 
as being abundant: Penaeus indicus, P. merguiensis, P. semieulcatus, Metapenaeus af finis* M. ens is t 
M. do boon! (most abundant of all penaeids, but rather small in size), M. elegans, MetHpenaeopsja 
st rid ulan a, M. toloensie, Trachypeneus salaco, Atypopeneus stenodactylus. The first three of these 
species are undoubtedly of the greatest importance but the others, excluding T. salaoo.may be abundant 
locally. Caridean species are of negligible importance in this area. 

There are not data available on the status of the exploited stocks, but the 1965 catch apparently 
came entirely from the 0-20 fm range, so the deeper resources at the edge of the continental shelf 
which may be assumed to exist have neither been surveyed, nor are in production. 

The prawn fisheries along the east coast of India amount to 10.0 to 12.0x10^ tons annually; the most 
important species are Fenaeus indicus, P. monodon, P. semisulcatus, Metapenaeue dobBoni, M. affinis, 
M. brevioornis and the caridean apeciea~Palaemon styliferus. There are four areas within which the 
resources are most abundant! (a) rivers and other entirely freshwater areas, dominated \y species of 
Palaemon and Maorobranchium, of which M. rosenbergii is the largest, although P. sty li ferus dominates the 
riverine oatohes numeric ally; (b) the Cnilka, Kolleru and Pulicat Lakes, which are major coastal lagoons, an 
which produce more than 1.0 x 10-* tons annually from small locally-made shrimp traps. P. indious cons- 
titutes some 635S of these catches, with P. monodon and Metapenamis monoceros contributing aoout < \% 
each- (c) the deltaic areas of th River""Ganees which also produce about 1.0 x 10^ tons annually and 
where Metapenaeua brevicornie.Parapenaeopsis sculpt il is, Palaemon styliferus and Ace tea indicua are the 
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moat important species; (d) offshore areas accounting for moat of the balance of the prawn catches, 
x 103 tons annually. 



FIRS/T97 



and 



producing almost 10.0 z 10^ tona annually. Tht oatobaa of the Andaman and Lacoadivt I aland* ara not 
included in these statistics, nor in thoea tabulated below, and are leaa than 5 metric tona annually. 
The total oatohea from the above four area* during reoent years are tabulated below. 



Year 


Penaeid 


Caridean 


Total 

% 




1960* 
1961* 
1962* 
1963* 
1964* 
1965** 
1966** 


4.3 
6.2 
6.0 
10.3 
11.4 
7.9 
9.8 


1.3 
1.7 
0.4 
1.0 
1.3 
0.4 
0.7 


5.5 
7.9 
6.4 
11.3 
12.7 
8.3 
10.5 (tont x 


10 3 ) 



Eotea - * Data from Indian Fisheries Department 
** Dati from PAO 



Again, as for the coast of Ceylon, the entire production from the Indian sector of the Bay of 
Bengal is from shallow water from 0-20 fm and does not include any production from such dseper resources 
at the edge of the continental shelf and below as may be assumed to exist. 

Along the coast of East Pakistan, a fishery for palaemonid species flourishes during the rainy 
season when the salinity of the coastal waters is lowered by the rains, but during the remainder of the 
year the catches are dominated by penaeids, among which the most abundant appear to be Penaeus semisul- 



oatus , referred to as the most important in the deltaic region and P. indicus and Parapenaeopsis 
sculpt il is. "" 

Commercial fishing is currently carried out entirely in estuarine areas, and has hardly expanded 
yet onto the continental shelf and certainly no catches are produced from the deeper resources which 
presumably exist in the Bay of Bengal. 

There are no published data on the prawn and shrimp fishery of Burma, since the statements that 
the 1953*to 1954 season's catch from the floating prawn trapa in the deltaic area took approximately 
5.0 x 10 metric tona. There are certainly very extensive unexploited resources in the hallow conti- 
nental shelf area but these are apparently unknown at present, although Hall suggests that the Gulf of 
Nartaban (which exceeds 35.0 x 103 km 2 in area) may be particularly valuable. 

There are no good data on the prawn fisheries from the west coast of Thailand, for it is not pos- 
sible to separate the catches from the east and west coasts in the fishery statistics from this coun- 
try, which show that the total oatoh of marine and estuarine prawns in 1966 was 45,3 x 103 tons. It ict 
considered however that the bulk of these oatohes came from the east side of the peninsula (see Region 
IX), and based on the relative length of the coastlines, the distribution of the human populations, and 
the location of major rivers, Hall suggests that possibly 10$ of the oatoh may be associated with the 
Indian Ocean, e.g. marine and estuarine - 4*5 x 10^ tons; freshwater - 0.3 x 10 3 tons. 

By comparison with the specific composition of catches from Penang and the Alor Star area of nor* 
them Malaysia it is probably that the dominant marine species on the west coast of Thailand are Para- 
nenaeonafl harwickii. P. hungerf ordi , P. sculpt 11 is, P. poromandelioa, Penaeus merguiensiB. Metapenaeus 
brevicornis and M. qf finis. In the mangrove areas with a fresh or brackish environment the dominant 
species are likely to be Penaeue indicus, and Metapenaeus ensis. 

There is no recent information on the Indonesian prawn fishery which will enable us to separate 
the catch along the Indian Ocean coast of Sumatra and Java from that along their northern coast; but, 
bearing in mind the steepness of the Indian Ocean coastline profile of these islands compared with the 
Strait of Malacca/Java Sea profile, and the concentration of populations on the side away from the 
Indian Ocean, possibly jf, of the catch should be attributed to the Indian Ocean. Hall suggests that 
this iff a total of a little less than 1.0 x 103 tons annually. The catches from Indonesia, like those from 
India, consist of four fairly distinct elements: (a) the marine oatoh taken by trawling, (b) the 
penaeid catch taken from prawn ponds, of whioh the mo*t important species ar* P_n*uii indicup, P. 
cemisuloatus whioh ia appreciated for its large site, Metap*naus ens is and M. brevioornis, (c)""the non- 
penaeid shrimp catch consisting mostly of fairly large freshwater species of whioh KfAoToEraohiuin rosen- 
berffii is the most appreciated and very widely distributed. Other species quoted are M. equidens, 
!! Pllimanus, M. sintangense and M. lar, (d) the non-penaeid oatoh consisting mainly of "small atyids 
and Caridina species, but including also mysids and possibly Aoetes spp, the importance of whioh lies 
in their vast numbers of small individuals. 
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Along the west ooast of Malaysia the fishery for Udang prawns, or large penaeids, is not detailed 
statistically but in the south the important species are probably the same as those at Singapore, with 
the following being the most abundant: Metapenaeus eneist Penaeus indioust Metapenaeus burkenroadi and 
affinis. Local variations occur, so that inshore Malacca catches have M. affinis a major element 
while PeriajlUB merguiensis is important in the northwest of Malaysia, where inshore fisheries tend to 
be dominated by Pjtrapenaeopsie species, especially P. hardwickii and sometimes P. coromandelica. 
KetapenaeopsiB barbata occurs in offshore catches occurring along with other species of this genus and 
other genera. 

The present annual catch from the Udang prawn fisheries is of the order of 25.0 x 10 tons, 
altogether, this figure being dominated by the west ooast and Malacca Strait total of 21.0 x 1(T tons. 
There are no exact data on the statue of these prawn stocks, but there may be some over-fishing in the 
in the inshore areas, while there are also considerable areas of mangrove and offshore grounds which 
are scarcely exploited. ^ThuF, the fishery can withstand considerable increase in intensity, and a 
total of, say, 33*0 x 10 tons does not appear impossible for this fishery in the foreseeable future. 

The fishery for Udang baring shrimps depends on several species of Aoetes. In the south Aoetes 
vulgar is comprises most of the oatohes, but in the north A. sibogae is important, while A. erythraeus, 
A. spiniger, and A. Japonious occur generally. Perhaps all species of this genus exoept~the pi ank tonic 
rruiatus are""of some importance locally or seasonally. The catch may sometimes contain small 
quantities of mysids such as Mesopodopsis but these are seldom important. Production figures are 
approximately $.7 x 10^ tons for the west ooast and Malacca Straits and there are no indications that 
ths fishery is over-exploited, as these small prawns occur everywhere in immense numbers. It seems 
certain that the production figures could be raised to about 7.5 x 10^ tons annually. The freshwater 
shrimp Maorobraohium rosengergi i is oaught in estuaries* and is a valuable item of pond fish culture. 

In addition to the above a fair quantity of email prawns is included in the landing statistics 
under the "mixed fish" and "manure fish" categories but there are no accurate data on the proportions. 
A fair percentage of beach catches certainly go unrecorded where they are used for local consumption 
by villagers, and there are also unrecorded subsistence fisheries in freshwater for Atya spinipes, 
species of Macrobraohium including lanohesteri, geron, troapj, sintangense t and javanicum. In our 
view all of these fisheries are currently negligible. 

Collections made by the former Singapore Regional Fisheries Research Station now held in the Uni- 
versity of Singapore Zoology Department indicate that there may be commercial quantities of the panda- 
lid prawn Plesionika martia along the upper part of the continental slope off northern Sumatra and 
north-western Malaysia, and this is entirely in agreement with assumptions that might have been made on 
the grounds of explorations in other parts of the tropical seas. 

Finally, in the extreme south-eastern part of the region a trawl fishery is developing rapidly 
alone the continental shelf of Western Australia, being presently concentrated mainly in Shark Bay and 
in Exmouth Oulf. Based on the exploitation of Penaeug esculentus (50$ of production), P. latisuloatus 
(4950 and P. merguiensis (1$), this fishery has produced in recent years as follows: "" 



- 0.3 1966 - 1.2 

1963 - 0.7 1967 - 2.2 

1964 - 1.1 1968 - 1.4 

1965 - 1.1 1969 - 2.1 

Fishing operations reached Shark Bay in 1962 and Bxmouth Gulf in 1964 and are presently extending 
to the northward; until this extension iB completed, catches from this fishery will probably be regu- 
lated at somewhere near the present level by management procedures. A small fishery with handnets for 
Metnpenaeus bennettae in the estuaries of Western Australia is not t identifiable in currently available 
statistics and the landings are considered negligible for present purposes. 

D. Present production and future potential of Region VIII 

Apart from the coastline of north-western Australia the coasts of the Eastern Indian Ocean receive 
an abundant rainfall and the dominant species are those which spend a part of their juvenile lives in 
ft fr*nb or brackish environment, and include: Penaene indicuas Mfitapenaeue monoceroe. M. enais. K. 
gffinin and K. brevirornifl; Penaeue seminulcatus and P. monodon {which are appreciated for their size). 
Further offshore, species of Parapeneopni* may dominate in the catches and note must be taken especi- 
ally of the small Miorobraohium roeenbergii which extends from India to North Australia and is the 
most appreciated o"" the non~renaid species. No etudiao have been undertaken on the status of any of 
the iitScks in the Eastern Indian Ocoan but there can to no doubt that throughout much of the region 
th^rappear? to be little or no offshore exploitation which Bursts thnt the resources fe general 
are under-exploited. The tatte indicates the preoent production of the various types of resource from 
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each country in the region together with a tabulation of the estimates that have been made in the text 
on the potential resources. It ie to be noted that the figure of 53.0 ae the potential production from 
the Eastern Indian Ocean excluding Malaysia and Western Australia ie derived from the estimates of Hall, 
who bated hie figures on an area, and oatoh rate per area basis. 



Present Potential 

Spiny lobsters 
Western Australia 8.6 6.0 



Prawns and shrimps 

Ceylon, east 1.5 

India, east 10.5 

Pakistan, east 7.8 

Burma 5-0 

Thailand 4.6 

Indonesia 0.8 

Malaysia 26.7 42.6 

Australia 2.1 5.0 



TOTAL 



Region IX - Western Central Pacific 



67.5 108.6 (tons x 10 3 ) 



This includes most of Oceania, the coast of Asia from Japan to Singapore and the islands and 
archipelagoes lying between Japan and New Guinea, Much of the region consists of enormous reaches of 
open ocean | sparsely studded with small islands, but paradoxically it also includes the greatest area 
of continental shelf occurring within tropical latitudes. The archipelagoes of the Philippines and 
Indonesia, together with the smaller island clusters and the coast of southeast Asia, include an immense 
length of tropical coast line there being 14*0 x10<* islands in the Philippines alone). This is a region 
of heavy rainfall and many rivers, creeks and lagoons open onto the continental shelf, and the coast 
itself is often low-lying and includes many sheltered, low salinity, muddy bays and gulfs. It is no 
surprise, therefore, to find that the statistics indicate a wealth of prawn resources, perhaps the 
greatest in the tropical seas, and largely unexploited. 

A. Spiny lobsters and similar resources 

The fishery for spiny lobsters is small by comparison with that of Australia and New Zealand, but 
some are taken in many places, notably Japan (1.6 x 10-* tons per year), and Taiwan (0.1 x1Cr tons per 
year). It is probable that in many places the landings of spiny lobsters are hidden in statistics of 
other crustaceans, rather than being identified specifically. 

Spiny lobsters occur throughout the tropical regions and are probably an extremely under-exploited 
resource in this region; although population densities are unlikely to be high in tropical latitudes 
the stocks are sufficient to support small fisheries, A few vessels from New Zealand have, at times, 
fished the Xermadeos and Tonga, among other island P. 

It seems probable that an estimate of 5*0 x 10 tons is not too high an estimate for the potential 
annual yield from the whole of this vast region. Similar species, such as the Kftphrope andamanica 
which occurs along the continental edge off Hong Kong, would contribute to this total. Flapjack lobsters , 
Thenus oriental is. are caught in the Gulf of Thailand and on a small scale off Malaysia and Singapore, 
but there are no exact figures on production. 

B. Crab resources 

Many species of crabs are taken throughout the region; though not specified in most of the statistics, 
these appear to be largely portunid swimming crabs of several general with Soylla servata and Portunus 
pelagious predominating. This fishery is homologue of the blue crab fishery in the Western Atlantic. 
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Known catches of crabs in the region in 1965 were: 

Malaysia 1.5 

Thailand 11.0 

Taiwan 1.8 

Japan 25.0 

TOTAL 39.3 (tons x 10*) 

It may be safely assumed that the real catches of the region are actually at least 50.0 x 10 
tons per year, since in many places (such as the Philippines) crabs are certainly caught, but are not 
identified in the available statistics. 

The relatively short coastline of the eastern seaboard of the USA produces about 75*0 x 10 tons 
of Callineotes per year at close to maximum exploitation levels; it is not unreasonable to suppose that 
Region I*, with its very muoh greater shelf area and length of coastline could produce twice this 
quantity or 150.0 x 10-* tons per year. This may be a gross underestimate and the appropriate factor 
nay rather be x 10 than x 2. 

C, Prawn resources 

Here the data are rather better, and it will be convenient to discuss the resources by five sub- 
regions. 

(i) The Sunda Islands and New Guinea 
Indonesia 

Data are rather sparse, but suggest that the resources are large and under-exploited. No 
detailed statistical data exist on present fisheries, which Ivanov (1964) places at 2.5 x 10* tons, 
and which primarily exploit Penaeus indicus and Metapenaeus ensis, though it is jonably certain 
that all species which are of economic value in Malaysia are also fished by Indonesia. It fc known 
alto that Belachan shrimp (Aoetes sp.) are exploited, as are Terasi (juvenile penaeids, etc., and 
SEdacea) for use MteWTR*. Freshwater A&ft and Caridina are also fished on a subsistence 
scale in many areas, especially in the Celebes. 

In general, this area is very rich in prawn resources, and Malayan fishermen consider it to be 
richer than their own waters, although the result, of Indonesian *~^?"3* o'UTon?!. not 
Irian are yet to be published, it is reasonable to suppose that a potential of 100.0 10* tons is not 
too high for Indonesia. This is, however, purely conjectural. 

Brunei 

Contiguous to grounds exploited by Malaysian fil"t J h r l " J~ * ^fJ^JZ?*** 
here which primarily exploits Penaeus merauiensis. No production data are available, but it is pro- 
bably less than 1.0 x 10 3 tons. 

Sabah 

Some 21 species of penaeids are known to occur in the local fishery, andJPenaeu. indious 
and P runsis Se the most important, the present production i; about 3.0 x 10^ ton. per year, 
neadSlonT Tom an estimated exploited area of 7.0 to 10.0 x 103 km*. 

Control measures exist and only the western fishery region seem, likely * */^* ?*^^ 
sion, to an uncertain extent. It is suggested that a fishery for Acetes .pp. could be developed in 
mangrove areas, a. in Brunei and Malaya. 

A total potential of 4.0 x 10 3 ton. may be re.onably deducted from these observations. 

Pishin* i. .till on a .mall .cale and though prawns (mostly Penaeus indious. P. monodon, 
Pishing i. .mil n Ketapeneausjare known to be present in commercial Quantities, no 

of potential are presently available. It i. assumed here that a catch 



of at least 1.0 x 103 tons is possible annually. 
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f ?imor and Papua/New Guinea 

No data are available for this area, though it is evident that resources must exist. Prom 
the sise of the area, it seems that at least 10.0 x 10? tons could be taken. 

Northern Territories! Australia 

Exploitation of the northern, tropioal prawn resources has only just begun, following 
resource surveys by CSIRO which indicate that the potential of this region exceeds that of the rest of 
Australia several-fold. A prawn-fishing base has been established on the Gulf of, Carpentaria at 
Karumba, where 14 vessels landed 0.4? x 10- 5 tons in 1967, and 40 vessels 1.36 x 1(r tons up to August 
in 1968. Catches by mother-ship fleets of Japanese trawlers in the Gulf are not known, but are probably 
similar to the above. 

The CSIRO resource surveys in the tropioal northern regions indicate a potential of 11.4 x 10^ tons 
for the Gulf of Carpentaria or 20.0 x 10* for the whole of the northern territory, and these estimates 
are certainly conservative. 

(ii) Oceania 
Tahiti 

The only data available suggest a very small fishery for Macrobrachium lar. at subsistence 
level, and with a production probably <1.0 x 10* tons. 

Ton^a 

Some prawns are taken on a subsistence basis. 

Samoa 

Prawn resources are known to occur, but identity and magnitude entirely unknown. 

Fiji 

A resource survey indicates the presence of stocks of Penaeus monodon in commercial con- 
centration, but no fishery has developed and potential is not known. A subsistence freshwater fish- 
ery for Macrobrachium lar. K. australe and M. latimanus occurs, but there are no production data 
although fishing said to be"""quite heavy", and extension seems likely. 

Guam and Marianas 

There is a small subsistence fishery for Maorobraohium lar. Potential is very limited, 
(iii) Asian coastline 
Singapore 

Prawn trawling offshore is incidental to fish trawling and only the larger prawns are 
saved from the catch; these include the following speoiess Penaous indicus, P. monodcn, P. semisulcatua, 
Metapenaeus interaedius. Parapenaeopsis pro bat a. P. hardwiokiit Metapenaeopsis barbata, and M. aerguiensis. 
About 0.4 x 1CP tons are obtained this way each y?ar, and although there is no indication of the extent 
of potential fishing grounds, it is believed that offshore stocks would sustain a specialised fishery 
for prawns. It is rather likely that the potential for the offshore South China Sea coast of Malaya 
and Singapore would be at least 10.0 x 10* tons annually. 

A varied catch is made of other, inshore, species of prawns with a variety of gear, mostly on a 
subsintenoe Ievel 9 based ons Metapenaeus af finis M. lyaiyiassa, Parapenaeopsis SPD. * Metapenaeopsis spp., 
Acetea and Palnsmon. Some of thene catches "re m*de incidentally in tooactt ri*hing. Production from 
ttuch means approximates 0.4 x 10* tons at present. 

^ 

Pond culture of penaeids produces 0.1 x 10 ton* per year, 97J& of the production oomprisss Penaeuo 



indious. Metapenaeus burkenroadi. M. brevioomis* Also important are Penaeus monodon and P. 
* ooauee of their high individual value. 
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Malaya (Johor a and East Coast) 

There it a fishery hare which depends on the same epeoiee ae at Singapore, and in which 
Penaeue indious, Metapenaeue ensis. M. burkenroadi and M. af finis are dominant. Total production from 
thie area ie currently 3.4 x 10-5 tons", and there are indications that some of the inshore areas are 
already over- fished, though great areas of mangrove remain to be exploited; offshore areas are relatively 
virgin, but their potential is included in the offshore area discussed for Singapore. A potential, 
excluding offshore reaches of the South China Sea, of 5.0 x 10^ tons seems probable for this area. 

Thailand 

Prawn catches by the Thai fishery in the Gulf and South China Sea adjacent have increased 
significantly in recent years* 

1958 - 10.3 1965 - 35.2 3 

1959 - 23.3 1966 - 45-3 (tons x 1CT) 

Commercial samples and non-official data suggest that prawns are the mainstay of the Gulf of 
Thailand fishery, which is based on Penaeus merguiensis, P. indious , P. monodon, and P. semisulcatus, 
together with some Metapenaeus a pp. and Metapenaeopsis barbata, Parapenaeopeis spp. and finally 
Aoetes spp. inshore. 

From the manner in which the catches have been rising in recent years and from surveys such as 
those by Tiews (1965) it seems likely that although some increase is possible this may well not 
result in a rise beyond 50.0 x 10^ tone, which will be used here as the potential of the fishery. 



A small fishery for the freshwater Maorobraobium rosenbergii and M. lanohestsri, and brackish to 
' Alpheus. produces about 5.0 x 10J tons annual lyj~no thing is known "- ' A ~ m 
this fishery or of its potential for expansion. 



freshwater species of Alpheus, produces about 5.0 x 103 tons annual lyj "no thing is known the state of 



Cambodia 

A total of 0.5 x 10^ tons of miscellaneous Crustacea are taken annually, but it is not 
known what part of this total is formed Toy prawns; Penaeue aonodon is known to occur in this catch, 
however. Status and potential of this fishery is unknown. 

Vietnam 

Published statistics suggest that catches in southern Vietnam before the present crisis 
amounted to 29.0 x 103 tons annually and catches in the northern part of the country may have been of 
the same order of magnitude. There appears to be no information as to the composition of the catch 
but at least in the south it is probably similar to the Thai catch. For present purposes, a potential 
catch of 50.0 x 10* tons is assumed for the whole of Vietnam since there are no data on which to esti- 
mate the potential of the resource more objectively. 

Chinese People's Republic 

"Though no exact figures are available, the Chinese People's Republic is undoubtedly one 
of the largest shrimp producere in the world 11 (Ivanov 1964). 

Ivanov further suggests that 100.0 x 10 3 tons of prawns are taken annually, of which 70.0 to 
80.0 x 103 are from the Yellow Sea and are dominated by Penaeus oriental is and Acetes ohinensis. 
Although the Bast and South China Sea have a more varied fauna of prawns and shrimps, the Tollow Sea is 
much more productive commercially. 

Meet of the production is by small boats at present and probably 90$ of all products are consumed 
by the coastal population, though some is exported to Japan. 

For the present purposes, the figure of 100.0 x 10 3 tons perhaps should be retained as the poten- 
tial of the resource, but an increase by a factor of^1.5 seems very likely with eventual resource 
management and offshore exploitation, and 150.0 x 10^ ie taken as the potential of the area. 

Honit Konf and Macao 

Nineteen species of penaeid prawn occur in the Hong Kong catches, and presumably those at 
Macao are rather similar in composition. The catches seem to be dominated by Penaeus semisulcatus. 
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P. monodon, P. merguiensis, Metapenaeus intermedius and M. af finis. 

Latest production figures available for Hong Kong and Macao are for 1965 when 10.4 *nd 4*0 x 10 
ton* respectively ware taken from around 8.0 x 10^ km* of fishing grounds. Although nothing certain is 
known, it is believed that the oatohes can be increased, and the potential is thoutfit to be in the 
region of 20.0 x 103 tons. 

(iv) The Asian Islands 
Philippines 

The marine catches are now about 20.0 x 10^ tons annually, including Penaeus indicug, P. 
merguiensis . P. monodon. P. semtsulcatus (.P. canal iculatus ?), P. esoulentus. Metapenaeus ens is. M. 
burkenroadLand"Trachypenaeus curvirostris. Although research is presently being conducted in the Phi- 
lippines on the rather undeveloped prawn trawl fishery, little information is presently available from 
it; a catch of at least double the present production would seem attainable, and 50.0 x 103 tons is 
taken as the potential of this sub-region. 

As usual in this region, small o^iantities (production figures lacking) of Maorobraohium lar and 
related species are taken in freshwater. 

Taiwan 

A prawn trawl fishery exists in which Penaeus monodon appears to figure rather largely, 
and for which there are few data beyond the total production which is presently around 14.5 * 10* tons 
(the 1965 figure). Since Taiwan has a much shorter coastline and smaller shelf area than the Philip- 
pines there appears to be no justification for supposing that a very great increase in landings might 
be possible, and the potential increase used here is a very modest 10$, to give a total of 16.0 x 10 3 
tons. It should be noted that the shallow, wide shelf areas of Taiwan face westwards towards the 
Chinese mainland, and any potential here will be shared between the two fisheries. 

Japan 

The Japanese are major producers of shrimps and prawns, their 1965 oatoh being in the 
region of 66.6 x 10 3 tons; a portion of this came from the Northern Pacific (Bering Sea and Oulf of 
Alaska) and a portion from the Ouianas and Australia, outside Region IX. The prawn oatoh from the 
Western Central Pacific has declined in recent yearsfafter 1963 it is not possible to separate it in 
available statistical data from total landings! 

1961 - 53.7 x 1.5 - 80.5 

1962 - 52.9 * 1.5 - 79.3 , 

1963 - 51-0 x 1.5 - 76.5 (tons x 10 P _)_ 

(production statistics are as "heads-off" weights, and a factor is applied above, and throughout this 
section). 

If the known Bering Sea catches are subtracted from the 1965 total it appears that the Western 
Pacific total by 1965 may have dropped to as low as 556 x 103 tons, heads-on, but may have been higher 
than this, there apparently being some confusion in the data* 

The bulk of the landings from the Western Central Pacific region are taken in (1) the Inland Sea, and 
(2) the Tellow Sea. 

In the Inland Sea and similar home-island fishing areas Penaeus japonious forms 25-35J8 -of the 
catches, but about twioe that percentage of their value. Metapenaeus joyneri forms about 20J&, the small 



species Traohypenaeus ourvirostris, Metapenaeopsis barbata and Parapenaeopsis tenella about 45#*nd the 
large, valuable species Penaeus aonodon and P. semisuloatus about 5Jfc. 

The.fisheries in the Tellow Sea y the East China Sea and the Korean Bight, which produced about 
10 x 10* tons annually in the early 1960s, are dominated by the oceanic Penaeus oriental is, which 
occurs in rather deep water, where it is fished by larger shrimp trawlers, especially between November 
and March. 

There are no suggestions in the data now available for review that a potential for increase exists 
in the Japanese warm-water prawn fishery except in the distant waters of other areas of the Western Central 
Pacific region. It is likely that any expansion which might be possible in the offshore resources, 
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such at in the Penaeus orientalie fishery, might be offset by losses in the nearshore fisheries, 
especially those of the Inland Sea, due to industrial and agricultural pollution and competition 
from othsr uses of these sea areas. A total of 60.0 x 10 3 tons, heads-on, annually is therefore 
used here as the lone-term production to be expected from this area. 

(v) Pond production 

Pond production of larger species of marine prawns is practiced in several places within the 
region, and fractionally increase the total prawn production of the region. Recent data on prawns ffom 
these sources follow: 

Philippines Penaeue monodon 1.0? 
Singapore 15 spp. Penaeidac 
Japan* Various Penaeus spp. 
Indonesia Madura, Java 
Coastal ponds 
Taiwan Penaeus monodon 

<10.0 (tons x 10*) 
Ivanov, 1964 9 gives 2.0 x 10 3 

The data and available information on this form of production show several things rather clearlys 
that while in some places there are great possibilities for extending pond area and production, in 
others it is a diminishing resource because of urban and other encroachment (e.g. Singapore); that 
production is either of high value, preferred species (as in Japan) in which oase production sites must 
be near centres of demand, or of many small species of penaeids, oaridians and mysids which ore used 
for biological reduction to paste or for drying; and that production is highest where local populations 
have a tradition of animal husbandry and pond culture of various fishes, without which its introduction 
into a new area is probably difficult. 

With these limitations, evidently it is not possible to place a limit on the possible expansion of 
pond cultured prawn production: geographic and economic factors, presently impossible to assess, are 
limiting and it is now only possible to point to the relatively small proportion this production forms 
of the total for the region and to indicate that it seems unlikely ever to form more than 10-25$ of 
present production. 

Ivanov (1964) and Iversen (1968) give good reviews of prawn culture in this region. 
D Total crustacean potential 

The above discussion of the regional production at the present time has been reviewed below; this 
indicates a total crustacean production of 323*1 * 10^ tons whole weight annually. This does not cor- 
respond with the PAO annual statistics of fisheries because it is compiled from numerous sources, not 
all referring to the same year; it simply confirms that the total production of Crustacea, over and 
above subsistence level catches which do not enter statistical data bases in most areas, is probably 
near 350.0 x 103 tons annually in this region in recent years. 

Using the various projections, which are necessarily of different validity and usefulness, that 
are used in the preceding discussions, a total production or around half a million tons of Crustacea 
annually seems possible for this regions this may only be an order of magnitude projection, but serves 
at least, to emphasise the great potential of the area. To this figure must be added about 10.0 x 10^ 
tons for freshwater production and perhaps 30.0 x 103 tons for pond production, giving a grand total 
of 604.1 x 103 tone. 



R - CSOSTACEAU RESOURCES 



292 



FIRS/T97 



Present Potential 


Spiny lobsters 






Japan 


1.6 




Taiwan 


0.1 


5.0 


Oceania 


+ 






(1.7) 


(5.0) 


Crabs 






Malaysia 


1.5 




Thailand 
Taiwan 


11.0 
1.8 


150.0 


Japan 


S25.0 






(39.3) 


(50.0) 


Pi*fFt> 






Indonesia 


2.5 


100.0 


Brunei 




1.0 


Sabah 


=3^0 


4.0 


Sarawak 


7 


>1*0 


Timor/New Guinea 


7 


>10.0 


Australia, Northern 


3.0 


>20.0 


Territories 






Tahiti 


? 


>1.0 


Tonga, Samoa, Fiji, 


+ 


f 


Guam 






Singapore 


0.8 


10.0 


Malaya 


3.4 


5.0 


Thailand 


35-2 


50.0 


Cambodia 


0.5 


0.5 


Vietnam 


50.0 
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Region X - Eastern Central Paoifio 

For the purposes of this review, Region X has bsen taken to include the western seaboard of the 
American continent frost the northern boundary of California (42N) to the boundary Ecuador/Peru. 

A. Spiqy lobster resources 

Splay lobsters of a number of speoies occur the whole length of the region, but catch statistics 
are available only for Ecuador (0.3 x 103 tons in 1965) and Mexico (1.2 x 10*), and in the latter 
ease the data refer to both east and west coast catches combined. 



In Mexico, a fishery occurs along the Pacific coast of Baja California for Panulirus 



i interru 
other we 



iptus 



and P. inflatus, and along such of the coast of the Oulf of California and of Sonora and other west 
coast states for P. inflatus; such of this production finds its way to US markets, but statistics 
on it are meager." It seems certain that increased production is possible, but could not be expected 
to exceed 5.0 x 103 tons annually for the whole of Region X, and this figure, probably tee large, will 
be used as aa order-of -magnitude estimate for present purposes. 
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B. Ormb resources 

Orabs do not appear in any of the available fishery statistics for tho region except in tho oase 
of Mexico, and hero the oatoh figures, totalling 1.5 x 10* tons in 1963 again inolud* both east and 
west coasts of tho country. It it certain, that aa la sort tropical regions, tho orab resources aro 
underutilised faany speoios of portunid swimming oraba occur, some of largo site, and (once again) 
roforonoo should bo Bade to tho Callineotes production of tho oaatorn aboard of tho USA, in 
comparison with tho very small landing* in Rogion X. It ia probablo that an increase in production 
by a factor of at loaat 10 would bo possible, but a oro modest estimate baaod on a factor of only 
5 ia uaod here, to suggest that tho orab potontial of tho rogion may bo plaood for proaont purposes 
at 7.5 x 10 J toaa annually. 

C. Prawn resources 

About 10 species of penaoids figuro in tho landing statistics in Rogion X, and thoao aro liotod 
below, Tho apooioa oompoaition in tho landings ia rathor constant throughout tho rogion which ia 
faunistioally fairly unifora, having important fauna! boundarioo to tho north and south. Information 
for Mexico and for Ecuador is not so dotailsd as for tho remaining six countries, but there is no 
reason to suppose that much of the information relevant to these countries is not also relevant to 
Noxioo and Ecuador. Ivanov ( 1964) indicates that oven in tho ecologically unique Gulf of California 
tho important species are among these listed below as being important further to the south. 

a) Whits shrimp - Camaronoillo - Penaeus vannamei 

- P. occidental is 

- P. stylirostris 

b) Brown or whits * Cart o bianco - P. oaliforniensis 
o) Pink or red - Rojo - P. brevirostris 

d) Soabobst tiger - Camaronoillo - Traohypenaeus tyrdi 

- T. similis 

- T. faoea 

e) Seabcbs - Titi _ i oreoipua 

- Xijpbepenaeus ri vet i 

Although some mixing among stocks of prawns probably occurs between neighboring countries, 
especially in Central America, all fishing fleets operate off their own national coasts and the 
fishing effort in relation tc the available resources varies markedly; for these reaeone, the data 
for landings and fishing effort for each country are here kept separate. 

Relative abundance of spsoiss in the landings may not have any ecological significance* because 
P. oaliforaiensis and P. brevirostris live relatively deep they are normally fished for only when 
fhallowtr-liv 



living ffp* ft l" are scarce, and the relative abundance of the various species of seabobs in 
tho landings do not necessarily indicate their relative abundance on tho grounds. In most fisheries, 
seabobs aro froquenly discarded at sea when prices are not favourable. 



Fishing effort is priaarily directed at white shrimp (P. oooidentaUs, P. stylirosl 
rannaaoii plus, in Panama and Costa Rica, P. oal i f ornionsi sT. Adults of these species 1 
oologies and it is likely that their relative abundance in the landings does, in fact, 



_ stylirostris, P. 

vannamei. plus, in Panama and Costa Rica, P. oal i f ornionsi sT. Adults of these species have similar 
ecologies and it is likely that their relative abundance in the landings does, in fact, represent 
their real abundance on the grounds. Some variation in relative abundance occurs i ia Colombia, 
Penaeus Occident alis forms the bulk of the landing*, as in Ecuador and Panama, but farther north, 
fa Si Salvador, "itTorms only about 30. Hero and northwards P. vannamei attains dominance in the 
landings. 

Tho shrimp resources show marked local concentrations throughout tho region off tho mouths of 
rivers and ostuarios 9 and in muddy bays and gulfsi small fisheries occur ia the brackish areas of 
ostuarios, lagoons and ombayasnts but there are no statistical data on those, which seem to bo 
directed at tho Juvenile stages of several important species of white shrimp, especially P. vannamei 
and P. stylirostris* 

Landing data for white shrimp are more detailed than for the other groups and in most countries 
include effort and siso frequency information. 



H * 



and Argentina, to tht Antiboroal regions of tbt touth. At might bo tuppoted, tbo major ormttaoean 



northern Bresil, Surinam 

lagoont and ottuariot between northea 



for thrift? in tho rogion* of tho Mjor tropioia rlYor loutlif, partioularly In 
ino* and tho Ouiaaat, and tit* in too jmgion of tho rathor oxtontivo ocattal 



*nd toutbom BrMil, 



Tboro it * valuable fithery for tpiiy lobtter, aainly Panulirut ar*ut and P. laoyiotnda. alone 
tho ooatt of control Iratil f*o* Bole* to itrt*tf poak oatokai i in rooST/oaM WOPO lado in 1?62 uten * 
4*3 x 10 3 ton. voro takon (MMld), altlwufh tho ?AO otatiatioo ohow a rat^or Mallor aubor (2.9 10 3 
tona) for thii yoar. Tkla took has boon tho ofejoot of intonational Lborlo in OOM joartt tarlof 
tern oaploitod not only * looal boato, but aloo * Fronch lanfouotloro flohinf for tho Firno* dooootio 
avkot. it ii ppobablo that thio rtook is fairly boavily fiohod and o groat iaoroaao U tturtainablo 
jiold oan bo ozpootod Itat it. for pgooont utt-pooto its poteitial io oonftid^ft to %o 4*0 z 10^ tons, 
or aaar tbo prooont produotion* Voglifiblo qoantitioo of thio opooioo, and of othor opiny lobotoro, 
aro total off tbo ooaat of &uiAaa and tbo Quianao. 



Batnor floro tlian 1J.O x lO 3 ton* of ovabo of variou* opooioo, aootly vwiwdnf orabo of tbo family 
Portunidao, aro takon on tbo Brasilian ooaot ooutb of 8aatoo Tboro aro no data on tbo dofroo of 
ooploitation of tboo XMOUTOOO or on tbair fututo potontial which it boro takon to bo 20^0 j 10 3 tons, 
to jrofloot tbo ttoa^r iaoroaoo in production in rooont yoaro* 



Tbo dbitfl? and prom rooourooo of thio ooaat nfcioh aro prooontly oiploitod ooaprioo 
12 opooioo which aro tabii*tod boloMW fbo FAO landinf otatiotioo for thrift an 
ooatt of 8oatn Aaorioa indioiato &*aHy tbat Iraail U tbo dominant profeoor followod 



tbo oaot 

dilrtantly 



* Until 1999 t tb* only production *f ahriipo in Ouiana woro fro tbo 
which took only mil *uwtitioo of tbo vofy mall Palaoaon oohnitti and ; 
Sowovor in 1959 f offohoro o^lorationo ^ tm ohriap boato diio 
tal oholf of Tory largo ponaoido f and tbo rooontly inoroaoing production 
to initiation of pro Action fro* tb^M tottrooo* fbo offitboiv ttookt appoar to bo dominated 
P^CTfot duorarm notialit and * Poattaout aatoont tobtilit, Tho foootr ocwpritot about W)t of tbo 
lan*ingt v fri thoto ttooEt, and tbo lattoroSly about 20*. Prodnotion it now probably in oapott of 
5*0 x U>3 tont and potontial it o^>ootod to bo at loatt 10.0 x 103 tono annually. 



it 




Ouiana 



I. Bratil 5. Braiil Uruguay A*go*tina 







JBlS 



_ -In thit country tht tituation it rathtr tiailar to that in Ouiana, tnd until rtctnt 
yeart oaigr JUMfewt ttookt of ttabobt (Xiphoptnttut krovtri) were exploited, but iwrt rtotn^ly o^i^t*l 
thelf ttookt of penaeid thriapt, which appear ic U oAinated * Ptnaeut bratilieoiit. hit% baft%. 
oovtamd tff^trt at aroand 50 a depth and thttt have inexwatingly oootrtbuitA to ifit itndiaft a* * 
Mall flttt of thriap trawltrt hat built up. Tht oatohee froa tht continental thai* fm fttiaat* .,,, 
Suriaaa |ad tht neighbouring territory of Prtaoh Ouiana haw now reached together sppxx>xiaattij 6.0 to 
7.0 x 10^ tont annually, tad further inertattt tan bt locked for. It it quite certain. that thit 
production figure can be at leatt doubled, and a total potthtlal of at Itatt 15.0 x 10 3 tont it postu- 
lattdhtre. 

Byaail. north of Recife Thit includes tht rich area of tht aoutbe of tht Aaason tad other rivert 
whtre tht oontintntal thelf it wide aad all exploratory evidence pointt to thtrt being txtreatly rich 
under-txploitedttooka tf ptnatidt. Prtttat production froa thit region it 10*0 t* 15.0 x 10 3 tout 
aasually aad it doainated ly tht taall ttabob Ijphopenaeue kroyeri, whioh ferae about 60$ of the produc- 
tion froa thit area, tad thtrt art iadioationt that very large T ttookt of larger, oonaercitlly interest- 
ing ptnatidt (including Ptnatut tehaitti and P. attteut) occur along aott of this coattline although 
they are of oourtt especially concentrated near the aoutht of tht great rivtrt. Potential it txpeoted 
to bt relativtly high tad 25.0 x 10 3 tont tttat a oonttrvatiTt tttiaatt. 

Braailt touth of Recife - Thtrt art two aaia otntrtt of production of pftnmt in thit art*? both 
of whioh art probably determined largely ty tht occurrence of otntrtt tf Jpata population rathtr than 
ftr other reasons. la tht txtrtat touth froa tht Boot Hiver to Lagoa do fatal thtrt art aotive thriap 
fitheriet off tht acuth of tht Rio Ortnde tad while in tht ricinity of Soft Paulo thriap fitheries are 
again rather active. A nuabtr of tptoitt of ptaatidt art taken aad thttt appear to bt doainated rathtr 
heavily ty Ptnatut bratilitntit* whioh certainly doaiaattt tht Rio Orandt fitmeryi froa January to Nay 
tht young tf thit species migrate out of tht rivtrt tad estuaries at tht paak fithing teaton. Tear- 
to-grtar fluotuationt art vtry oontiderable tad appear to bt very Imrgtly under climatic influence, 
for in wot ytart tht Itfooaa art too frtth for tht production of large nuabtrt of juvenilet and a 
poor fithtry rttultt* The protuotion over tht latt few ytart froa tat lit (taandt fishery it at followtt 

1956 - 17.3 1960 -23.4 

1957 -20.6 1961 - 26.1 

1958 - 18.5 1962 - .2 

1959 - 19-5 *964 - 27.2 f tont x Kr) 



Pottatial production froa thit arta it pottulattd htrt to bt tqual tht highttt annual production quoted 
abovtj with a aodttt allowanot for tht rttt of tht ooatt a total of 40.0 x 10 J it pottulattd. Prttb- 
wattr prtMat tHaorobraohiua) art. of oourtt, iaportant throughout tht Aaat^n batin tnd proAtertiOn autt 



bt far greater than tne 87? x 10* tont recorded ttatistically in 1^67. ft la not possible to guett 
logiotlly a quantity for total potential production. 

Tht present landings of thriapt tad prawns, at of othtr oruttaoea froa Uruguay, art 
k fiblt| though tht ooourrenoe of Ptnatut ptultntit in coastal lagoont in thit counter *ad *f the 
northtm part of tht great ettuaiy of tht Rio de la Plata suggest that toat potential for expanded 
" * txitttf if this ooourt, it will in all probability alto bt bated upon ~ 



tad Ar^aaatla lonrinarit. A potential of 1.0 x 103 tont It uttd htrt. "_ ; ; T/.^^ 

' AZlSSiiaS - Thipt i ^7 little information froa the touthern artt, of Argentina, ant in the north 
shriap oatehts, aostly of langottino (Hyatnoptnatut autlltri) and oaaaron (Artemesia lonjrinarit'j IN 
nacrtttttt* in recent ytart irttjr widelyl>etween 200 and ^,2$ tohtf thtit Oiiotuationt 4r*- J - 
canted ^fluctuations in spawning success and larval aortality rather than the effect of 
whioh prtttes rather lightly upon tht resources. Surveys in tht southern |iirt of Argentina hare 
indicated pottibilities for expanded production; in tht Pattfonian ara t'p^vaU^ *^ ^^fag^ 
of t*e'<mtf tif San Joet) tome taapltt of large ripe feaales of. flyroenopenaeus autlltrl hivt 'been taken 
and oYfY the pogti^mty of a fishery thtrt for this tptoitt. Thtrt art alto indicatlont of the 
presence of deep wattr prawnt tnd othtr oruttaota of commercial interest off the coast of tmitbeTfa : ' 
Argentina at depths around 100 a between 54 tnd 55S. and a little further to tht north tht German 
rtttaroh vtttel WtJtper erwi< took ooaneroiaUy interesting quantities of a large tptoitt of ergestid 

ghrfa|i v at o^th^TTroeriBS.^ a with amid-water trawl. Tni^ ship altd took quantities oY 

in the watert between Buenot Aires ProviiWt and toutblfm ^ 
art tlit^t aad preliminary they do tuggeet that 




tf t^tae^^ e^N^ wt^tr rtaerot off the touthtrn part- *f Argeatii s*t at least a ooajtimility. : A 
pottntial of 5.0 x 10 1 tons it uttd htrt for all taall natant crustaaea. Between 44* afld 55^i \ 
i it fithtd off Patagonia and Titrra del Puego, tnd catches total about 0.2$ x 10* 
" pottntita of 1.0 x 10* tout s^ 1w attiusf dv .vT 1 , "'*** ^-^'^^^ *;." 
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D. Potantial produotion froa Ragion XI 

Tha praaant and potantial produotion froa thia xagion ao far aa it oan ba aatiaatad froa praaant 
data ara indioatad balowt 





Praaant 


Potantial 




Ubatara 








Braail 

Ouiaaaa 


3.5 

4" 


4.0 

+ 




Oraba 








Braail 
Argantina 


15.0 

0.8 


20.0 
1.0 




Praiwna 

Ouianm 
Surinaa 
Pranob Ouiana 
Braail 
Uruguay 
Argantina 


>2.0 ) 
>2.0 ) 
>2.0 ) 
50.0-40.0 
0.1 
1.0 


15.0 

63.0 
1.0 

5.0 




TOTAL 


>56.4~66.4 


111.0 (toaa x 


to 3 ) 



Thia auggaata that a doubling of praaant produotion aay ba poaaibla and bringa tha total to about 
half tha produotion froa tha Oulf of Maxioo and Caribbean to tha north; thia auggaata that tha aatiaata 
aay ba too oonaarvativa 9 in oonaidaration of tha vary graat produotion to ba axpaotad off tha aouth of 
tha Aaaaoa and tha othar rivara of northaaat South Aaarioa. 

Ragion PI - Southaaat Atlantic 

Tha ragion axtanda froa tha northarn bordar of Angola aouth through tha ragion of tha Banguala 
Currant, and inoludaa tha ooaata of tha Rapublio of South Africa; to thia axtant it ia an unnatural 
ragion aa it axtanda around Oapa Agulhaa into tha Indian Ooaan, and inoludaa part of tha Indo-Paoifio 
fauna along tha ooaat of fatal* 



A auabar of apaoiaa of apiny lobatara ooour throughout thia ragion and ona of than (jaaua lalandii) 
foraa tha baaia of an iaportaat fiahary in aoutham Africa. Tha tropical uaat African Panulirua 
ragiua axtanda froa tha Oulf of Ouiaaa aouthward along tha northarn part of tha ragion "and axtanda 
Juat to tha aoutharn part of Angola; howavar 9 it ia nowhara abundant and although aaall ojiantitiaa ara 
praauaably takan along tha Angolan ooaat it doaa not appaar in tha oatoh atatiatioa, and quantitiaa 
auat ba praauaad nagligibla. At Aaoanaion I aland and at St. Balana, offahora Atlantic ialanda which 
fall within thia ragion f aaall atooka of Panulirua aohinatua ooour, and although thaaa aay hava baan 
fiahad in tha paat tha ojuantitiaa produoad ara nagligibla. furthar to tha aomth, at Triatan da Ounha 



and at faaa Saaaount 9 atooka of Jaaua triatani ooour; tha raoant diaoorary of tha atooka of thia 
apaoiaa an Varna Saaaount, whioh ITaoaa 500 ai to tha northwaat of Oapa Town haa lad to tha davalop- 



ant of a vary aotiva fiahary thara. 
arailabla to tha Working Party. 



Produotion figuraa for thaaa offahora atooka ara not f howarart 



Along tha ooaata of South Waat Africa and of tha Rapublio of South Africa batwaan Walria Bay and 
Oapa Agulhaa, thara ara rathar larga atooka of Jaaua lalandii whioh hava baan axploitad for aany yaara, 
and whioh art undar atriot aanagaaant oontrol. In tha Indian Ooaan v along tha ooaat of Batal oonaidar- 
ably aaallar quantitiaa of tha Vatal rook lobatar Palinurua gilohriatia and Panulirua hoaarua. Alao 
aona P. varaioolor. and P. ornatua ooour. Production 
in th* laat faw yaara ara tabulated balow. 



linurua gilohi 
n figuraa for 



apiny lobatara froa aow 



Africa 



Tha aanagaaant data for Jaaua lalandii auggaata that tha atooka of thia apaoiaa around aoutharn 
Afrioa ara praaaatly fully axploitad; avidanoa froa ataadily daoroaaiag avaraga aiaa and ataadily 
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decreasing catch per unit effort support the supposition that production from known stocks of 
In southern Africa will not be significantly inoroased. In fact, in recent years pressure has 
brought on tho government's quota system for production of Jasus tor the fishing companies In response 
to their diminishing returns. Tho discovery of new grounds7"aTTat Vena Seamount, and tho steadily 
increasing rate of production on tho Indian Ocean ooast of southern Africa will to eome extent help 
tho situation but it is thought that none of those resources will significantly relieve tho pressure 
upon tho main stooks of Jasus lalandii. which aro concentrated to tho west of Capo Agulhas. 

B. Prawn and shrimp resources 

Exploratory fishing off southern Africa for shrimps end prawns In rooont years has boon relatively 
profitless through finds of commercial quantities of largo penaoid prawns (Ponaous sp. and ftrmeno- 
ponaous triarthrus) woro nado in depths of almost 250 fm at the edge of tho south African continental 
sholf together with good quantities of a species of Solonoeera. Also present on those grounds, which 
aro to tho oast of Capo Agulhas and off Vatal, are Vephrops andamanious and the Vatal rook lobeter. 
lobster. 

Rook lobster production in southern Africa in recent years (tons x 10 ) 



Jasus lalandii Palinurus gilohristi 




South Wost 
Africa* 


South 
Africa** 


Natal** 


1961 
1962 
1963 
1964 
1965 




5-9 
7.3 
7.3 


3.11 
3*02 
3.11 
3.11 
3.11 


0.06 
0.07 
0.06 
0.18 
0.28 


TOTAL, 


1965-10.7 







Notos - * 

** 



FAO statistios 

3. A. Department of Co 



erce and Induetiy Statistios 



Thoro aro snail prawn fisheries already extent along tho ooast of Natal whore, In 1966, about 
90 netrlo tons woro landed at Durban, and a few more tens of tons ty a group of inshore fishermen at 
Santa Lucia) however it is assuned that most of the oatohes landed at Durban have boon taken off the 
ooast of Mosanbiquo, which have been discussed with under Region VII. Tho spooios involved In tho landV 
ings at Durban aro the following! Penaeus indious, P. mono don, P. Japonious, Hrmenoponaeus trlarthrus. 
and Arlstaeomorpha foliaoeai of these, about 70J& probably is nado up of a single spooios C Ponaous 

" us) to Judge from the specific composition of the prawn stooks off Mo iambi que. Lessor quantities, 
"are often not marketed, of Metapenaeus nonooeros, Plesionika nartia, and Chlorotoous orassloornls 

is the nost important species taken ty Inshore fishomoa In Xatal, 



aro also taken. Penaeuj indi 
with P. 



L P. japonious so 
eeoond in import 



mportanoe in southern Vatal and P. nonodon and N. nonoooros about equal 



anoo in northern Natal. 

Along tho ooast of South West Africa north of Walvis Bay as far as the Kunone River there aro 
very abundant stooks olose inshore of the small prawn Maoropetaema, which have been revealed ty trawl- 
ing surveys in this region; however, no commercial exploitation of then appears to have yet occurred. 

Towards the end of 1966 a new fishery for prawn* and shrimps was developed off the ooast of Angola; 
this was initiated ty the arrival of a single Spanish trawler skilled in trawling for deep water prawns 
in the western Mediterranean out of the port of Huelva. By the beginning of 1968, this vessel had 
been so successful that a small fleet of 40 trawlers ( from 30*50 n overall) had built up In tho Angola 
region, most of then from Spain and principally from the ports of Yigo, Huelva and Cadis. .These vessels 
aro presently making campaigns of about 8 months in the region, and it appears that tho annual production 
now exceeds 1,000 metric tons. 



longirost: 



irostrlst 
excellent, 



tho listado, Arlstous 
largo prawns (gaaba reach 



Tho spooios of shrimp fished are the gamba, Parapenaeus Ipjnj 

dens, and the oarablnero, Plosiopenaous odwardsianus. Those . ._ . 

een"9 and 18 cm, listado reach 19 oaTand oarbinero almost 30 cm) aro taken from 650'8 to 12S, 
and In a rather narrow, but deep, depth sonef throughout this region gamba aro taken from 250-260 m 
and the other two from 540-600 m in depth. In this area the slope of tho continental sholf is rather 
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ateep and the trawl en follow a very narrow band of o on tours whioh givea them certain practical prob- 
lems. It will be noticed by reference to the aeotion upon Region III 9 and the Mediterranean and Black 
Seas, that epeoiee taken off Angola are identical with speoies whioh are alao important in the western 
Mediterranean; thia ia an ezpreaaion of the very aimilar fauna whioh oocura throughout the tropical 
2aatern Atlantic at depths below the break of alope on the continental ahelf, and whioh oontaina very 
many apeoiea in common with the Mediterranean Sea and the ooaat of western Europe aa far to the north 
aa Ireland. In aaaeaaing the potential production from thia region, it ia certainly reasonable to 
aasuae an increase in production by a factor of z 2 or z 3 snd it aeema very probable that the total 
production of ahrimpa and prawna between South Africa and Angola inclusive could very easily reach a 
level of 5.0 z 1()3 tons, whioh estimate is used here. Also not included in the present consideration 
are four deep-water penaeids (Aristaeomorpha foliaoea, Ariateus varidens, Penaeopaia serrata. and 
Pleaiopenaeua edwardaianus) and the pandalid Pleaionika edwardsii have been" reported on numerous 
occasions as occurring throughout the area but none of these except Penaeopsis aegalops (whioh is of 
small sise) has been located in concentrations auffioient to suggeat supporting a commercial fiahery. 
These species f therefore, have not been included ia the estimates. The following tabulation summaricea 
the present production of prawns throughout the area by countries, and their estimated potential produc- 
tion* Thia cannot be broken down by apeoiea aa in almost every case the available statistics do not 
permit thia* 



Present Potential 


Angola 
Parapenaeua longirostris, etc. 


1.0 5.0 




S.W. Afrioa 
Mac rope tasma sp. 


1.0(7) 




3. Africa 
Natal penaeida 


<1.0 1.0(7) 




TOTAL 


<2.0 7*0 (ten. z 


10 3 ) 



C. Total potential of Region XII 

The data discussed in the tezt above do not suggest that this region will become a major producer 
of Crustacea in global termsf the tabulation below indicates the likely magnitude of potential produc- 
tion in the foreseeable future* 





Present 


Potential 




Lobsters 








Jasus lalandii 


10.4 
0.3 


10.5 

1-0(7) 




Paii'nurua app. 


Prawns 








Angola 
S.W. Afrioa 


1.0 


5.0 

1.0 




S. Afrioa 


<1.0 


1.0 




TOTAL 


12.7 


18.5 (tons z 


10"*) 



Region XIII - Southwest Pacific 

Region XIII comprises Australia (except W. Australia), New Zealand and its contiguous islands, 
including Few Caledonia and Hew Hebrides. Exploitation of prawns and crawfish is actively pursued 
local fleeta, and also lay Japanese and Soviet fleets, especially in the tropical northern parta of 
the region. 
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A. Spiny lobsters 

Various apaoiaa of spiny lobsters or orawfiah are important axploitad raaouroaa of Haw Zaalaad 9 
and of tba southern part of Auatralia. 

yaw Zaaland - Southern crawfish (Jaaua edwardsii)baa boon undar azploitation for many yaars, V 
mall vessels out of noat Haw Zaaland ports, eapeclally tboaa witb aooaaa to tba waat coast grounds. 
Landing a in raoant years have baans 

1962-4.6 1965-5.0 ~Y 

1963 - 4*6 1966 - 6.6 (tona z 1CT) 

1964 - 4.6 

For Many yaara tha oatobaa have baan increasing ataadily due mainly to azploitation of flraab 
grounds on a continuing baaia. Tba auddan inoraaaa in 1966 waa due antiraly to extension of fishing 
onto tba banka around tba Chatham Ialanda y away to tba aaat of tba main ialanda. 

Southeast Auatralia - Tba aoutbarn crawfish ( Jaaua noyaahol 1 andi aa ) ia tba principal apaoiaa 
fiahad, but other* occur, among tbam tba painted crawfish (Panulirua varai color), not praaantly taken 
baoauaa of ita unwillingnaaa to antar pott. 

Aa tba following oatob atatiatioa anew, none of tba aaatarn or aoutbarn atataa enjoy auob haavy 
landinga of orawfiah aa ara takan in waatarn Auatralia (aaa Region VIII) t wbara Panulirua oygnua yialda 
7*0 to 8,0 z 10^ tona par year* . 

Catobaa in raoant yaara of Jaaua lalandii off Australia! 





1964-65 


196^-66 


1966-67 




Haw South Valaa 


0.2 


0.2 


0.2 




Queenaland 


+ 


+ 


* 




Victoria 


0.6 


0.7 


0.7 




Tasmania 


1.5 


1.8 


2.0 




South Auatralia 


2.7 


2.7 


2.8 




TOTAL 


5.0 


5-4 


5.7 (tona z 


10 3 ) 



Tba alowly riaing oatobaa in Auatralia and tba rapidly rising oatobaa in Haw Zealand, both in 
fiabariaa witb ratbar rigid management policies, auggaat tbat in naitbar place ara tba atooka fully 
azploitadf in particular, it ia likaly tbat tba opening of tba Chatham I aland grounda will further 
inoraaaa Haw Zaaland 1 a oatobaa aignifioantly. 

Any oatobaa ty foreign vaaaala in thoaa regions ara not available, and any quantification of 
total potential yialda from tbia region ara to tbia degree uncertain. 

B. Crmb raaouroaa 

Small Quantities of aavaral apaoiaa of oraba ara takan in Australia, not totalling aa much aa 
1.0 z 10^ tona, and tbaaa oatobaa ara ignored here. Future potential of tba atooka ia antiraly un- 
known. Spidar craba (Jaquinotia edwardsii) teem to offer fair prospects around Auckland I. 

C. Prawn raaouroaa 

Batwaan 40 and 50 apaoiaa of panaaid prawns occur in tba region, and of tbaaa about 10 ara 
praaantly uaeful in tba fisheries; many smaller apaoiaa of shrimps and prawns belonging to other 
decapod groups also ooour, of course, and wbila aoma may have local or limited usefulness in tba 
futura tbara ara no indications from praaant data tbat any will approach tba value of tba panaaida. 

In Auatraliat azploitation ia moat complete near the aoutbarn and aaatarn centra a of population, 
and ia expanding moat rapidly in tha under-populated northern regions; off Haw Zaaland, aavaral raoant 
surveys bava shown no indication of major prawn re source B. A number of apaoiaa of panaaida oocur, 
and Hapbropa ohallengarii baa baan found in p remit ing quantity in daap watar (over 150 fa, 300 m). 
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Queensland - A trawl fishery operates along the continental shelf from Cairns south to the border 
of New South Wales, and landings are made in all ports of this area. Five species are exploited: 
Penaeus plebejus (65$), Metapenaeus bennettae ( 16#), and P. esculentus, P. merguiensis and M. macleayi 
[19W P. plebejus is taken throughout the year, the others during more""rest rioted summer seasons. 

Production figures are slowly rising, mainly due to increasing exploitation of ooeanio stocks of 
Penaeus plebejus, as tabulated below j 

1962 - 2.0 1965 - 2.6 

1963 - 2.3 1966 - 2.7 , 

1964 - 2.3 1967 - 2.7 (tons x 10^) 

The future of this fishery is presently unsure, since although a very limited increased production 
may be possible from the stocks of P. plebejus, the stocks of the other speoies already appear to be 
overfishecU 

A set-net fishery in the Moreton Bay rivers of Queensland takes small quantities of Metapenaeue 
bennettae, but this is not separable in the statistics and is included in the figures given above for 
the trawl fishery, as are the catches from a variety of small-boat trawls and hand-net a in the estuaries 
and brackish lagoons, where the catch is mainly of Penaeus plebejus, Metapenaeus maoleayi and M. 
bennettae. "" 

New South Wales - The trawl fishery discussed above extends southwards along much of the coast of 
New South Wales, at least as far as the port of Terrigal, the fleet being dispersed among many of the 
small ports. 

The available statistics for this area do not permit partitioning the catch between the five 
species involved, which are identical to those in the catches off Queensland. The available data, 
tabulated below, show that peak production has probably already been achieved in this fishery and 
no significant increase can be expected from natural resources in the future t 



1963 - 2.1 

1963 - 3.0 

1964 - 2.8 



1965 - 2.0 

1966 - 1.6 

1967 - 1.8 (tons x 



10 3 ) 



As in Queensland, catches from the estuarine and lagoon fishery and from a small pocket set-net 
fishery in lagoon channels, are included in the above data; the same speoies are exploited as in Queens- 
land. 

There appears to be no likelihood that the catches off New South Wales can be increased and present 
management policies are presumably designed to maintain the present yield; off Queensland, a modest 
increase is likely, mainly of ooeanio Penaeus plebejus, but there appear to be no data on which to make 
a quantified estimate, though a figure between 10 and 20# over present catches seems not unreasonable. 

D. Total potential of Region XIII 

Only in the case of the tropical shrimp resources of Australia are there any known predictions by 
local fisheries agencies of the potential sice of the catches of Crustacea in the region. It seems 
reasonable to apply subjective, order-of-magnitudo extrapolations to fisheries according to the trend 
of the catches in recent years so as to reach some estimate of the total potential in the whole region. 
This is done in the following tabulation! 



Present Potential 


Crawfish 
New Zealand 


6.6 


8.2 


S.E. Australia 
Crabs 


5 ' 7 (12.3) 


6 ' 3 (15.4) 


Australia 


<1 '(1.0) 


<1 *(1.0) 


Prawns 
New Zealand 


. 


. 


Queensland 
New South Wales 


2.7 
- 1 * 6 U.5) 


3.1 
1 ' 8 (4.9) 


TOTAL 


17.8 


>20.3 (tons x 10->) 
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This estimate of potential catches ignores the possibilities where no fisheries now exist, or 
where no resource surveys have been performed. It is certain that some potential in tropical oraw~ 
fih occurs on the offshore reefs of the Queensland coast, and off New Caledonia and New Hebrides, 
both of which currently report no fishing and no potential for crustaceans. It would probably be 
safe to add another 5.0 x 10 3 tons for such completely hypothetical resources, raising the grand 
total for the area to around 25.0 x 10 3 metric tons, in the long-term. 

Region XIV - Southeast Pacific 

The ooasts of Peru and Chile fall within this region; though rich because of strong ooastal up- 
welling, the narrow shelf and the generally rooky nature of the coast is rather unsuitable for the 
development of great crustacean resources, especially of prawns or shrimps. 

A. Crab resources 

Lithodes antarotious has formed the basis of a small fishery in recent years which has shown a 
modest rate of increase in production, and which now approaches 500 tons per year ( see tabulated data 
below) | this is an ecological analogue of the king-orab of the North Pacific (Paralithodes pamtschatioa) 
which yielded catches approaching 150.0 x 10* tons. Although (i) the shelf area on which Lithpdes *" 
antarctious is known to occur is very much less than that for the northern form, and (ii) the southern 
form averages less than 2 kg against 4 kg for the northern form, it still seems possible that 
an expansion in this fishery will develop in southern Chile's region of fjords and offshore islands: 
an increase by a factor of 2-3 seems not unlikely and will be used here, and it is suggested that 
the potential oatch is at least 1.5 x 10- 5 tons per year. 

Other speoies (Cancer spp., Taliepus spp., and Homalaspis spp.) of crabs form the basis of a 
fishery which is presently considerably larger than that for Lit bodes, and which yields a little less 
than 1.5 x 10 -Hone annually in Chile and about 0.2 x 10^ tons in Peru. There is no evidenoe to suggest 
that this fishery is capable of expansion, but in view of the great length of Chile* s indented coast- 
line and the present extent to which the fishery is concentrated near centres of population, a factor 
of 10 is applied for potential produoion. It is, therefore, suggested that at least 15.0 x 10^ tons may 
eventually be taken by that fishery each year. 

Oalatheids of two speoies (Pleuronoodes monodon and Cervimunida johni) support a Chilean fishery 
which is to some extent complementary to that for prawns. The same vessels fish each stock and the 
landings of galatheids and of prawns vary inversely. In recent years the catches of galatheids have 
been ranging from 10.0 to 13.0 x 10* tons per year, and it is evident from surveys of the abundance 
of galatheids on parts of the shelf off Chile and Peru influenced ty deposition of material from 
phytoplankton blooms that an increase of at least a factor of x 5 seems possible. This places the 
potential oatohes from these stocks at around 50.0 x 10 3 tons annually. Meat yield is rather low from 
galatheids, however, and this represents a total of only about 5.0 x 10* tons of tails. 

B. Spiny lobster resources 

Small stocks of spiny lobsters occur, the most important species being Jasus frontalis, which 
occurs especially at the offshore islands (e.g. Juan Fernandez) but does not seem to occur on the 
mainland. The data tabulated below shows the small sise of this production and suggests that the 
potential yield may not be much in excess of 0. 1 x 10 3 tons per year. 

C. Prawn resources 

A fishery based on He tero carpus reedi and Rhincooinetes typus yields about 11.0 x 10 tons in Chile 
and about 0.5 x 10^ tons in Peru annually* Resource surveys of the grounds on which the speoies occurs 
in commercial Quantities indicate that these have an extent of 1,600 km 2 , and do not extend below 3?S. 
The grounds are heavily exploited near ports, but rather lightly farther away from markets, and an 
increase by a factor of 2 for a total of around 20.0 x 10* tons potentially, seems very probable. 

A second speoies, Ermenopenaeus diomedeae, has been surveyed, but is not yet exploited commercially. 
Occurring rather deeply, at >150 fln, it has not been easy to estimate its potential yield, or the extent 
of its occurrence satisfactorily. Exploitation will be possible only when production problems imposed 
by the nature of its habitat are solved, and for present purpose a conservative estimate of 1.0 x 10 3 
tons is placed on its potential yield. 
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Annual rate o romotion of orustaoea "b Chle 16 V66 



tons z 10 





Lithodes 


Crabs 


Oalathaids 


Spiny 
lobsters 


Promt* 


Barnacles 


1961 


0.2 


1.0 


8.1 


0.1 


2.3 


0.5 


1962 


0.3 


0.9 


7.9 


0.1 


4.3 


0.9 


1963 


0.1 


0.9 


9.2 


0.1 


3.6 


1.5 


1964 


0.3 


1.0 


10.6 


0.1 


5.9 


1.0 


1965 


0.3 


1.3 


13.3 


0.1 


5.0 


1.5 


1966 


0.4 


1.3 


11.3 


0.1 


10.9 


0.9 



D. Bamacle resources 

Chile is unique in its ezploitation of the giant bamacle. Balanue (Megabalanus) psLttacus whioh reached 
2.0 z 103 tons in 1954, bat is lightly fished and market-limited, so that in some recent years only 
1.0 z 10* tons were taken. It may reasonably be expected to yield 5*0 z 10^ tons potentially. 

E. Total regional potential yield 
This may be expressed ass 





Present 


Potential 


Crabs 
Spiny lobsters 
Prawns 
Barnacle e 


14*2 
0.1 
11.5 
1.0 


66.5 
0.1 
20.0 
5.0 


TOTAL 


36.8 


91.6 (tons z 10 ) 



But it vast be emphasised that this potential increase t ty an overall factor of almost z 3i 
on extremely subjective Judgments, and must not be taken in any other light. 

GLOBAL ASSESSMENT 



is based 



The tabulation below summarises the 14 regional assessments presented in the body of the text. 

It shows that on the descriptive evidence and on the.qusntitativo data available for this review, 
the world oatoh of crustaceans, presently about 1.26 z 10 tons, may be expected to rise in the future 
to almost double this figure, or 2.31 z 10 tons annually. This estimate supposes that no 'break- 
throughs' in harvesting technology whioh cannot now be foreseen will occur, and that in consequence 
the resources to be exploited will be similar to those we exploit today. 

This final tabulation invites some discussion of the implications it contains of the degree of 
exploitation of the various resources, and also of the relative validity of the estimates whioh it 
comprise!. 

It is evident from the lack of quantitative data that crab resources, with a few notable except i one, 
are either largely ignored, or are treated as of such small importance, that they are lost in statistical 
'catch-alls' and recorded only as 'miscellaneous Crustacea* or some similar category* It is probably 
in this general group of resources that both our estimates of present production, and our prognostica- 
tion of how trends in harvesting will run in the future, are poorest. In the final estimates there 
is a very large component of subjectivity? the numbers used in this table, however, from the nature 
of the doubts expressed here, will be minimal and are likely to be ezoeeded ty reality, rather than 
the opposite. 

It is probably also an indication of this data problem, and henoe of the great difficulty of 
making predictions, that makes the apparent percentage increase in production whioh the table suggests 
to be rather low. 
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to tht othtr hand, tht quantitative data for all forms of lobtttr-likt crustaceans rt fleet the 
high tsteem with whioh thttt animals art htld in world markets. In most oases, tht figures used here 
art rather reliable and tht modest tise of tht inortaat in production whioh apptart to be poaiiblt it 
probably Jutt a measure of tht high intensity of exploitation, and of management, to whioh ttookt of 
'lobfttrt 1 art already tubjtottd. 

Tht quality of ttt data whioh art available for prawnt and ihrinpt it txtrtmtly variablti in such 
plaott at tht Gulf of Ntxioo tad tht Eastern tropioal Paoifio Ocean it it vtiy food, whilt for tome 
rttourott (such at tht deep ptnatidt and pandalidt) tht data art vtxy incomplete, tad for ttreral 
regions (such at tht Eastern Indian Ocean) they art reiy subjective. 

Perhaps tht two areas of grtatttt uncertainty in estimations of prawn rttourott concern tht deep 
red prawns on tht upper parts of tht continental slope, and tht ttookt of small, brackish water 
oaridttntf ttptoially in tht tropics. 

Summarised tabulation of present and potential world production of oruttaota (tont x 10 3 ) 









Present 






Potential 






Rtgion 


Lobsters 


Crabs 


Prawns 


Lobsters 


Crabs 


Prawnt 


I 


Northwest Atlantic 


31.7 


2.2 


8.6 


32.0 


10.0 


27.0 


II 


lorthtatt Atlantic 


29.9 


13.3 


65.4 


65*3 


20.5 


82.8 


III 


Ntdittrrtntan 


4.0 


* 


23*0 


4.0 


+ 


50.0 


I? 


Vorth Paoifio 


+ 


208.0 


41.1 


+ 


250.0 


131.2 


V 


wtstern Central Atlantic 


13.3 


76.9 


125.0 


21.0 


80.0 


160.0 


VI 


Xatttrn Ctntral Atlantic 


2.5 


+ 


4.6 


4.0 


10.0 


63.0 


11 


Vttttrn Indian Ocean 


0,4 


f 


21.3 


3-1 


+ 


144.0 


VIII 


Eastern Indian Ocean 


8.6 


+ 


58.9 


10.0 


+ 


98.1 


IX 


Vttttxn Ctntral Paoifio 


1.7 


39.3 


304.1 


5-0 


150.0 


544.1 


X 


Eastern Ctntral Paoifio 


+ 


<l-5 


65.0 


5.0 


32.5 


75.0 


XI 


Southwest Atlaatio 


3.5 


15.8 


37.1 


4.0 


21.0 


86.0 


XII 


Southeast Atlaatio 


10.7 


f 


2.0 


11.5 


f 


7.0 


XIII 


Southwest Paoifio 


12.3 


1.0 


4.5 


14.5 


1.0 


4*9 


XIV 


Southeast Paoifio 


0.1 


14.2 


11.5 


0.1 


66.5 


20*0 




TOTAL 


118.7 


372.2. 
1.26 x 10) 


772.1 


179.5 
(2. 


641.5 ,1 
31 x 10 6 ) 


,492.1 



Although prawnt of rather a small number of species and genera, typically having rather grtf t 
areas of distribution, have apparently been found whtntvtr looktd for below tht continental edge in 
low and middle latitudes, thttt art exploited in only three areas; tht Gulf of Ntxioo, tht Ntdittrrtntan 
and off Angola. Whilt tht Angolan experience in recent ytart shows that substantial production oan be 
achieved from thttt resources, there art presently no data on tht biological parameters required to 
Judge what tort of sustainable yitld may be taken from presently almost Tirgin ttookt. For art tht 
survey data elsewhere, for instance in tht Eastern Indian Ocean, sufficiently quantitative to compare 
prospects elsewhere with production in tht Ntdittrrtntan or off Angola. 

Tht appearance in tht production statistics for tht western ooatt of India of 35*0 x 10 3 tont 
of small oaridtan shrimps it very surprising in terms of other similar regions* Tht ooatt in question 
it aot atypical of tropioal regions, but it significantly distinguished by tht excellence of tht 
statistical reporting system at tht village level, tad it mutt be supposed that similar oatohtt could 
be (or are) made in parts of tht Gulf of Guinea, in tht Indonesian and Philippine archipelagoes and 
along northern Australia. Such suppositions appear to be rather poorly supported by tht available 
quantitative data. 
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1. PREVIOUS ESTIMATES OP UOfiLD PISH RESOURCES 

1.1 Introduction 

A number of author* have made estimates of the world's fish resources. The rang* of estimates 
obtained is vary wide, and the more conservative figuraa have been raaohad and aurpaaaad ty the con- 
tinuing expansion of tha total world oatoh. A comprehensive review of all auoh publiahad estimates 
will not ba attamptad hara f but tha methods and results will be compared with thoaa uaad in tha praaant 
aurvey. Up to data raviawa of aarliar estimates hava racantly been givan ty Sohaafar and Alvaraon 
(1968), and Moiaaav (1969). 

Thraa broad methods hava been used for pradicting futura catches (o.f. Sohaafar 1965) t 

(a) eztrapolation of praaant trends in total catches; 

(b) aztrapolation of resources aatimataa from a known araa to tha whola world (e.g. Orahaa and 
Edwarda 1962); 

(o) estimation of primary production, and of production at aaoh successive at age in tha food 
chain. 

Thaaa methods are described in detail below. 

1.2 Extrapolation of total oatoh 

Thia will giva much tha moat accurate estimate of tha world catoh for tha nazt faw yaara. For 
tha paat 20 yaara tha increase in total catoh haa been remarkably steady, at around 1% par yaar ( see 
Figura 31). Howavar, tha pattern of change in catches from individual fisheries haa baan vary different. 
Tha oatchaa from several stocks change little from year to year, and thoaa from many othara have oscil- 
lated, due to year-class fluctuations or other environmental effeota, at about a fairly constant level. 
Thaaa stocks inoluda many of the heavily ezploited atooka in the northern hemisphere, e.g. haddock in 
tha North Sea, and on Georges Bank, halibut in the Northeast Pacific, aa wall aa certain apaciaa that 
support tha traditional fiaheriea in tropical and sub-tropical areas. 

In oontraat, catches from some stocks have increased extremely rapidly. Tha Peruvian anchovy 
fishery, in whioh tha catchaa roughly doubled each yaar between 1955 (60,000 tona) and 1961 (5 million 
tona) ia tha beat known and moat spectacular example, but ia nowhere near unique. Examples include 
existing fisheries applying tha aame techniques to new but similar stocks in the same araa, e.g. tha 
Norwegian puraa seine fleet fishing to supply fish meal faotoriea turned from herring to mackerel, and 
tha Norwegian mackerel catoh increased from 20,000 tons in 1963 to 870,000 tons in 1967; tha develop- 
ment of new techniques in an area, e.g. in Thailand otter trawling was introduced in 1961, and rapidly 
replaced tha existing pair trawler, catchea increasing from 78,000 tons in 1962 to W.OOO tons in 
1965 (laarankuraandKuhlmorgen-Hille 1966); and lono-range fleets entering anew araa, e.g. cat chas of hake from 
tha Southeast Atlantic increased from less than 100,000 tone in 1962, taken almost entirely ty South 
Afrioa to 410,000 tons in 1966, with South Africa lying third behind Spain and USSR. 

These vary high rates of increase can naturally only ba maintained for a limited time, and ooa- 
mon]y tha period of expansion has ended very abruptly. The development of the Peruvian anchoveta, 
tabulated below, shows this quite clearly. 

Year 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 
Catoh 37 43 59 119 326 737 1,909 2,944 4,580 6,275 6,423 8,864 7,233 8,530 

(000 tons) 



Inoraasa 16 37 102 174 126 159 54 56 37 2 38 18 18 

(*) 



Thia sudden and to tha period of expansion seams readily explained. Until tha oatoh approaches, 
tha potential yield of tha resource, the stock, and hence tha oatoh par unit effort, is not much 
reduced by tha fishery. Also, any slight reduction in stock may ba more than balanced ty improved 
techniques, and acre experience of tha fishery, e.g. knowledge of tha beat grounds and seasons. Total 
catches, tharafora, increase roughly in proportion to tha increaaa in effort; as tha catch par unit 
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ffort remains high, and demand atrong, the incentive to build new veeeele, or diverting vessels 
from existing fisheries, aleo remain high. Many etooke now aupport a worlo>wide market, and therefore, 
ao far as any tingle atook ia concerned, inoreaeing effort and oatohea will have little advene effect 
on price - in fact, through more effective market ing, may help to inoreaae demand, e.g. induce the 
public to accept South African hake aa a aubatitute for cod. Ultimately, the catohea will inoreaae 
to a euffioiently high proportion of the atook and ao reduce appreciably the atock, and the catch per 
unit effort. The incentive to inoreaae effort will eubeequently deoreaao, or even be removed completely. 
When the atate of harveat haa reached thia atage, inoreaaed effort probably will not inoreaae the total 
catch. 

Prediction of oatohea from individual atooka by direct extrapolation of recent trends ia, there- 
fore, extremely unreliable. Using the Peruvian anohoveta aa an example, predictiona baaed on aa ahort 
a period aa three yeara would have underestimated the catohea in the initial period of expansion, 
given a good prediction for perhaps three or four years (1960, 1961, 1962 and 1964), and have over- 
estimated the catch quite aeverely in 1963 and 1965. Uaing a period longer than three yeara would have 
given even leaa useful predictions. The operations of long distance fleeta provide example a of even 
leaa predictable fisheries, e.g. the Japanese and Soviet fiaheriea for flounders (mainly Limanda aspera 
8111(1 3b*todes alutua in the eastern Pacific) in the Bering Sea or the USSR ailver hake (Merluooiua 
bilinearis) fishery in the Northwest Atlantic. - 

Prediction of total world catch by extrapolation cannot reasonably be expected to be more reliable 
in the long run than the prediction of catches from individual atooka, with the exception of the uncer- 
tainty in the latter due to the diversion of long-range fleets from one atook to another. Since the 
latter predictions are highly unreliable, the former ia likely to be equally unreliable, at leaat in 
the long run. However, aa Sohaefer (1965) ahowa, moat pointa for the total marine catch for each year 
aince 1930 plotted in a logarithmic scale fall quite closely on a straight line (aee Figure 31) and 
thia line could have been uaed any time during the past few yeara to produce a very oloae prediction 
of the catch for some yeara into the future. 

Thia inoonaiatenoy arises from the fact that the two predict iona (of world oatoh, and of catch 
from a particular atook) are, in the ahort run, concerned with the two different aeta of problems. For 
the individual atook, the vital problems are to determine (a) for unexploited stocks, when will conditions 
be favourable for the development of the fishery - thia will depend on techniques of catching or market- 
ing, re suit a of exploratory fishing, etc., and (b) after development haa started, when will the physical 
limits of production be approached. For the world catch, the immediate questions are whether the drive 
for further expansion of fiaheriea will continue j if ao, it is probable that favourable conditions will 
be achieved for development of fishing on some new atooka, and some existing fiaheriea will approach 
the limit of their potential. The numbers of each may not vary much from year to year, even though 
it ia difficult to predict for any one year which atocka will be the ones to be developed, and which 
fiaheriea oeaae to expand. 

The world aituation haa been comparable to the expansion phase of a flahery on an individual stock; 
ao long aa the total resources have not been greatly affected, and many atooka remain un- or only 
slightly exploited, the probability of finding new atocka to exploit haa remained high and the expansion 
haa continued* If, however, the supply of new atooka begins to run ahort, then, aa for the individual 
stocka, the falling oatohea per unit effort on old atooka may no longer be balanced by diversion to 
new atooka. Thia may well result in a rapid slowing down in new fishing activities, aa fishing ceases 
to be attractive. The result may be a quite sudden end to the period of expansion, and the beginning 
of a period when world oatohea change but little. Perhapa the inoreaae may be no more than l per 
year, aa more rational uae ia made of already exploited atooka. 

In thia context, new atooka include both atooka of fish of typea already exploited in relatively 
new areas, e.g. hake in the Northeast Pacific, and previously under-exploited atooka, poaaibly in 
areas alreaty heavily exploited for other species (e.g. sand-eels in the North Sea). The prediction 
by extrapolation will only hold good aa long aa there remain unexploited atocka which can be effectively 
harvested with existing technology. Thia clearly waa true regarding new areas up to a few years ago, 
when fish production waa concentrated in a few regions; for instance, the fiah production in the 
southern hemisphere waa negligible until recently. The distribution of the world oatohea, \y major 
aea areas, haa bean set out in Table 31. Thia gives the percentage of the world oatoh taken in each 
area, and also, aa a rough guide of the extent of the potential fishing grounda in each area, the 
percentage of the total shelf area, leaa than 200 m, and leaa than 1,000 m (from Moiaeev 1969)* Thia 
ahowa how the dominance of the Northeast Atlantic, in which one- third of the world 1 a oatoh waa taken 
in 194d. baa disappeared. The previously neglected regions of the Southeast Pacific and Southeast 
Atlantic are now heavily fiahed. There are few areas without intenae fisheries, either ly local or 
long-range veasela, and exploratory and research veasels are active in most other areas. The period 
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of rapid geographic expansion cannot last very much longer, though development of fisheries on less 
familiar species may continue. The determination of what the limit to present expansion may be and 
when it may be reached cannot be made by examination of the trend, but only by analysis of what stocks 
remain for further exploitation. 



Table S1 Percentage distribution of shelf areas, 
areas 



estimated potential and annual catches by major sea 



Area 


Shelf 
0-200 m 0-1,000 m 


Potential 


Catches 
1938 1948 1953 1958 1963 1968 


Atlantic NW 
HE 
Mediterranean 

we 

EC 
SW 

SE 


5-6 5-3 
18.3 16.6 
1.7 3.1 
5.9 6.2 
2.6 3.0 
9.9 3.8 
1.9 1-9 


6.4 
13.2 
1.2 
5.5 
3.4 
7.3 
4.3 


6.9 9.1 7.5 9.9 8.4 8.3 
31.9 36.3 31.2 25-3 19.4 18.2 
3.7 4.0 3.2 2.8 2.2 1.9 
4.8 7.9 6.7 3.5 3.1 2.5 
1.1 1.6 1.7 2.1 2.4 2.7 
0.6 1.1 0.9 1.1 1.2 1.4 
0.5 1.6 4.0 3.2 3.6 5-8 


TOTAL 


45-9 45-1 


41.3 


49.5 61.6 55-2 47-9 40.3 40.8 


Indian Ocean E 
W 


6.8 8.3 
6.7 6.4 


5.3 

8.8 


3.7 3.4 3.6 3.2 2.1 2.1 
2.1 2.2 2.1 1.7 1.7 1.8 


TOTAL 


13.5 14.7 


14.1 


5.8 5.6 5.7 4-9 3.8 3.9 


Pacific H (a) 
WC(a) 
EC 
SW 

SE 


11.0 10.8 
21.8 19.9 
1.9 2.0 
3.8 5.5 
2.1 2.0 


9.7 
15.9 
6.0 
0.6 
12.4 


17.0) (14.1) (12.5) 35.2 29.8 25.6 
,23.4) (14.7) (24.0) 5-3 6.0 6.7 
3-7 2.9 1.3 1.8 1.2 1.3 
0.6 0.6 0.4 1.0 0.7 0.7 
0.0 0.5 0.9 3.9 18.2 21.0 


TOTAL 


40.6 40.2 


44-6 


44.7 32.8 39.1 47.2 55.9 55.3 


Northern Temperate (a) 
Tropical (a) 
Southern Temperate 


36.5 36.0 
45-7 45.7 
17.8 18.3 


30.5 
44-9 
24.6 


;76.9) (72.2) (72.4) 73.2 59.7 54.1 
b 21.4) (24.0) (21.4) 18.6 16.6 16.9 
1.7 3.8 6.2 9.2 23.7 29.0 



Note - (a) Boundary between North Pacific and Western Central Pacific was changed between 1953 end 

1958. In calculating total temperate and tropical catches, it was assumed that in 1938-53 
6$ of the world oatoh came from the Western Central Pacific (new boundaries). 

The most valuable use of the trend line and its extrapolation lies in putting a time scale to 
future development. In particular, after an estimate of the potential yield of fisheries, at least 
of the present type, has been obtained by other methods, the trend line will show when this potential 
is likely to be approached. At the corresponding period in the fisheries on particular stocks, when 
the limited potential from them was approached, crises often occurred. These crises have been limited 
in severity ty their local effect and by the diversion of fishing to other areas and other stocks. An 
analogous crisis in the fisheries of the world as a whole could be much more severe because of the 
impossibility of such diversion. 

1.3 Extrapolation from known areas 

This method depends on obtaining a reliable figure for the potential yield, or rather, yield per 
unit area, in one region, and applying this figure to the whole ocean, or more usually to the continental 
shelves. Thus Graham and Edwards (1962) used an average figure of 20 Ib/aore (22 kg/ha), and applying 
this to a figure of 6.0 x 10? acres (24.0 x 10 6 km 2 ) (the estimatedtotal potentially productive area) 
obtained a figure of 120.0 x 109 Ib, or 55 million tons for the total world potential. 

This figure of 22 kg/ha was based on oatohes in the late 1950s in the North Atlantic (particularly 
in the Forthwest Atlantic), assuming the stocks on these grounds were fully exploited. Since that time 
the oatohes from the areas concerned have increased, though are still below the potential as estimated 
in the relevant area review of this report. The relevant figures for the ICNAP sub-areas expressed 
as total catch (*000 metric tons) are set out in Table S2. 
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Table 32 - Comparison of catches from some Northwest Atlantic grounds in the period considered ty 

Graham and Edwards (1962) with recent catches, and estimates of potential from Chapter A - 
Northwest Atlantic 



Region (ICNAF sub-area) 


Average 1956-8 
Demersal Pelagic 


1968 ' 
Demersal Pelagic 


Estimated potential 
Demersal Pelagic 


Grand Bank (3) 
Nova Sootia (4) 
Gulf of Maine (5) 
Middle Atlantic (6) 


550 8 
380 100 

265 100 

70 470 


982 156 
516 348 
394 339 


900 900 
900 700 
700 400 



Clearly i in the period covered by Graham and Edwards , the grounds were far from being fully exploited, 
such major stocks as the squid, oapelin, herring, sand-eel and silver hake being only lightly exploited, 
if at all. Their figure of 22 kg/ha should be increased ty a factor of three or four to give the true 
potential of the Northwest Atlantic grounds. This would give estimates of total world potential of 
3-4 x 55 160-220 million tons, provided the potential per unit area is the same as in the Northwest 
Atlantic* However, the detailed analysis shows this assumption is not entirely true. 

1.4 Estimates from primary production 

This method has been used by, among others, Sohaefer (1965). Table S3, taken from Schaefer 1 * 
table, shows clearly how the estimates can be derived. It also shows how critically the actual estimate 
depends on the trophic level of interest, and also on the ecological efficiency. Using a figure of 
19.0 x 109 tons of carbon fixed try ptytoplankton, and assuming that carbon was 10* of the live weight, 
Sohaefer obtained estimates of total fish production which ranged from 7.6 x 1CK tons at the first 
stage carnivore level with 20* efficiency, to 19-0 x 10 tons at the third stsge carnivore level with 
10* efficiency. He considered the potential between the first and second stage carnivore level as 
being most nearly realistic, giving a production of between 1.1 x 1(K and 2.4 x 10* tons, and a potential 
catch very conservatively of 200 million tons. 

Table S3 - Estimated annual production (live weight, million tons) at various trophic levels (from 
Sohaefer 1965) 





Ecological 
10* 


efficiency 
15* 


factor 
20* 


Phytoplankton 
(net carbon fixation) 


19.0 x 10* 19.0 x 10 3 


19-0 x 10* 


Herbivores 


19,000 


28,000 


38,000 


1st stage carnivores 


1,900 


4,200 


7,600 


2nd stage carnivores 


190 


640 


1,520 


3rd stage carnivores 


19 


96 


304 



Using similar arguments, Graham and Edwards ( 1962) estimated a production at the secondary carnivore 
level of 1.0 x 10? tons, but considered only 70* of the theoretical transfer at each stage went into 
useful (to man) channels, and that X3 of the secondary carnivore production was in the form of squids, 
sharks, etc., which they did not consider useful and that only half of the remainder could be harvested 
without Jeopardizing the future of the stock. This gives an estimate of harvestable production of bony 
fish of 115.0 x 10tons. 

More optimistically, Chapman ( 1965) considered that 10-15* was too low a figure for the ecological 
efficiency quoting published results ty Lindner and Lasker to the effect that for shrimp and krill 
(Euphausia paoifioa) the conversion rate from food to body weight was about 25*. Using this factor of 
25#, ne estimated'the production of second stage carnivores as 2.0 x 10* tons, which he apparently 
equates with the potential harvest. 

Other authors have obtained results varying within these limits (100.0 x 10 and 2,000 x 10 tons); 
most of the variation is due to uncertainties concerning the trophic level at which the harvest is 
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taken, and ths ecological efficiency. As Sohaefer shows, these can make a vsry big diffsrsnos. 

On* difficulty in this approach is that ths potential harvest by man at any givsn trophic Isvsl 
will bs Isss than ths total production at that Isvsl. All ths production is availabls for consumption 
ty ths next Isvsl , of which man may bs oonsidsrsd a part, but under natural conditions part of ths 
production will go to ths othsr predators, or bs rsoyolsd following dsaths by dissass. Attsmpts to 
inorsass ths proportion taken ty man Jay increasing ths intensity of fishing will generally tend to 
decrease ths total production of ths szploitsd stook, and may ultimately imperil ths future of ths 
resource. Ths general thsoriss of ths dynamics of fish production (s.g. Bsvsrton and Holt 1957) show 
that ths grsatsst catch is taken with a modsrats fishing mortality (probably no more than twice ths 
natural mortality) oombinsd with protection of ths smaller fish. Taking into account ths natural, non- 
fishing, dsaths before reaching ths siss at first capture, ths potential catch is likely to bs no mors 
than half ths total fish production. Also fishing will reduce ths abundance of a fish population, and 
hence probably its production, as Qulland (in prsss) showsd for ths North Ssa demersal fish stocks. The 
portion of ths production of ths lowsr trophic levels no longer ussd by fish must go somewhere, but may 
wsll nsvsr appear in a form usabls ty man. 

A major difficulty in this approach is the estimation of ecological efficiency. This is generally 
definsd as ths ratios of ths total annual production at successive trophic levels. It is, therefore, 
inevitably less than ths efficiency of food utilisation (ths ratio of growth increment, or production, 
to food consumed) to the extent that not all production of one trophic level is consumed ty the next 
trophic level, but is side-tracked ty dissass, etc., ultimately perhaps being recycled via bacteria. 
Thus ths figures of 25$ quoted ty Chapman should bs considered as uppsr limits rather than valid direct 
estimates of the ecological efficiency. Also values of efficiency of utilisation may be achieved by 
fast growing, immature animals, which are much higher than thoss in ths population as a whole, in which 
old animals may bs using most of thsir food for maintenance. 

Ths ecological efficiency should not bs oonsidsrsd as a constant figure. Probably it is higher 
at the early stagss, s.g. between phytoplankton and sooplankton, with the smaller organisms with 
shortsr life-cycles using proportionally mors of thsir food intake for growth rather than maintenance. 
Fishing may itsslf affsot ths sfficienoy with which ths fish population usss its food; by increasing 
the mortality, the proportion of younger fish in ths population, with fastsr growth and smaller main- 
tenance requirements, is increased. Changes in ths spsoiss present may also affect the efficiency. 
Thus, Stssls( 1965) oonsidsrsd that increases among ths North Ssa sooplankton of Calanus compared with 
the smaller Temora and Pssudo- and Para-oalanus, has permitted more efficient feeding by herring. 
Therefore, measurements of primary production, plus a single value of the ecological efficiency cannot 
give very precise estimates of the potential fish oat oh, though they may bs useful in suggesting the 
order of magnitude. 

It is also possibls that ths ecological efficiency varies in a systematic way from region to region. 
Thus it has been suggested by tyther (1969) that ths efficiency deoreasss from 20J& in the highly produc- 
tive upwelling areas to 10 in the open ocean areas with low production. There are very little data 
to either prove or disprove this suggestion. Blackburn ( 1966) made a detailed study of standing crops 
of various trophic levels, in ths eastern tropical Pacific. Using a logt-log plot, hs found highly 
significant correlations between estimates of standing stock at various trophic levels (chlorophyll, 
oopepods, carnivorous mioronskton). Ths slopes of some regressions were about unity, but hs observed 
that "the standing crop of herbivores generally varies with soms powsr Isss than 1.0 of ths standing 
crop of phytoplankton.... This implies that herbivores utiliss phytoplankton with increasing inef- 
ficiency as standing crop of ths lattsr increases". While his observations only apply to one area, 
and standing crop may not vary with basic productivity in quits ths same way ss production, Blackburn's 
observations give no support to the hypothesis that efficiency increases with increasing productivity. 

Ths published estimates of the potential fish oatoh, using such methods of estimation, still have 
a wide range, even whsn allowance is mads for these methodological diffsrsnces. This range is due in 
a small part to differences in the value ussd for total primary production, but this is small, and 
ths main uncertainty concerns ths ecological efficiency, and the fish spsoiss concerned, including 
their precise position in ths food chain. This is shown very clearly in Sohaefer's (1965) Table 2. 
In many areas it is not known sithsr ths position in ths food-web of ths fish species being caught, 
nor what proportion of the total production at any trophic level is of organisms (fish, squid, whales, 
sto. ) which might be economically harvsstable. 

Production is greater in the early stagss of the food chain, and, therefore, the potential oatoh 
is greater if harvesting is carried out at thsss stages. Eowsvsr, ths practical possibilitiss of 
actually harvesting at thsss stsges are much mors uncertain, depending on the types of animals con- 
osrnsd (which may vary quits markedly from area to area) and the developments in catching, processing 
and marketing. Technological progress may be expected to make harvesting ths sarlisr trophic levels 
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increasingly more feasible. Thus the potential yield, in any realistic sense, can only be estimated 
after information is available on the speoies of animals present, and a decision is made on which types 
can be considered as likely to be potentially harvestable. In the detailed area reviews these have 
been, with some exceptions, e.g. krill, taken as being those available to the normal types of gear, 
especially trawls for demersal fish, lines for the larger fish generally, and gill nets and purse 
seines for pelagic fish. 

Because of these differences of definition, it is probably unfruitful to make further detailed 
comparison of the varying figures of the world fish potential as estimated from primary production. 
They have been useful in producing some figures of the likely order of magnitude - between 200 million 
and 2,000 million tons of fish at the first or second carnivore level* 

2. SUMMAHT OP REGIONAL STUDIES 

The results of the regional studies are summarized in Table S4- The various resources have been 
grouped into classes, roughly according to the size of the animals concerned starting with whales, 
through oods and anchovies, to lantern fishes and euphausids. The accuracy of the estimates decreases 
in about the same fashion, and in fact totals have only been given for the five first classes - 
(i) whales | (ii) large pelagic fish (tunas and salmon): (iii) medium to large demersal fish (cods, 
flounders, sea bream, eto.)j (iv) medium pelagic fish (herrings, anchovies, mackerels) j and (v) crus- 
taceans* For each group, the world catch in recent years is given* Also for each major area the 
total potential of the traditional fishes (groups (ii), (iii), and (iv)) and recent catches are given 
in the table* 

The area catches, and potential, have also been summarized in Table 31. This shows that shelf 
area, potential, and recent oatch in each area, as percentages of the world total, are in close agree- 
ment* Certain areas - Southeast Atlantic, Eastern Central Pacific, and Southeast Pacific - stand out 
as being exceptionally productive. These are the areas of major upwelling systems (the Benguela, 
California, and Peru Currents) for which the area of shelf is a poor measure of the extent and produc- 
tivity of the potential fishery* One area appears particularly low - the Southwest Pacific, This may 
be real, but it is an area where data are scanty, and the potential may actually be much higher. No 
attempt will be made here to produce any correction, but the estimate of the potential in this area 
should be treated with particular caution* 

Table 34 shows how difficult it is to give any meaningful figures for the fish resources of the 
world. The smallest figure is the total of what might be termed the traditional fish (in the narrow 
sense, to exclude mammals and invertebrates), i.e. groups (ii), (iii)t and (iy), which is very close 
to 100 million tons* To this should certainly be added some of the later categories, which are already 
yielding substantial oatohes. Which of these should be included in a single figure of the living 
resources of the oceans is rather a matter of subjective opinion, depending on one's views of the 
economic and technological possibilities of exploiting these resources. Matters of taste and social 
habits can be very important in determining the price of fish - e.g. squids are heavily exploited 
round Japan, and southern Europe, where they fetch several hundred dollars a ton as a favoured food, 
but are only lightly fished off Newfoundland, where they are used mainly as bait at a tenth or less 
of the price. 

At a minimum, any estimate of the ocean resources should include, in addition to the traditional 
groups mentioned above, the squids in the richer areas where they are abundant, and probably over much 
of the oceans; also the krill in the Antarctic, and some of the lantern fish and other smaller oceanic 
fish, at least in the richer upwelling areas. There may well also be resources of larger bony fish 
not identified in the detailed analyses in those areas, especially the open oceans, for which data are 
not very extensive* For none of these is any precise estimate available, though a lower limit to the 
potential of one speoies of krill (Euphausia superba) of 50 million tons hat been suggested. Altogether 
these resources, which are likely to be exploitable on a large scale in, at latest, a few decades, 
could amount to at least as much as the potential of the more traditional groups, i.e. a total of 
200 million tons. 

Beyond this, a further range of resources may well be exploitable with major improvements in 
technology of oatohing and processing; these will include the small oceanic animals which are too 
scattered for effective harvesting by present methods. Even oopepods may occur in the open ocean 
in concentrations, detectable "by acoustic or other methods, which are not greatly beyond the present 
level of economic exploitation (Barraolough et al. 1969). The best, if very rough, guide to the order 
of magnitude of such resources is Sohaefer's taoTe, at the level of first stage carnivores, i.e. a 
production of 4,200 million tons for an efficiency of 
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The entries in Table 34 *re, even when harvesting is technologically and economically feasible, 
an upper limit of what can be taken on a sustained basis* Eaoh entry represents the sum of the poten- 
tials of a number of separate stocks, and the total potential will only be obtained if each stock is 
fished at the optimum level. 

Even with a good system of management in operation, it is very doubtful if a pattern of fishing 
could be maintained to exploit all stooks at the proper level. Inevitably some, probably the more 
valuable, will be to some extent over-exploited, and other - the less valuable, or more dispersed - 
will be under-exploited* For instance, in the North Sea no specialized fishery for dabs or for gur- 
nards has developed, and only a fraction of the potential of these speoies is harvested. In practice, 
no more than perhaps 80jl of the total potential in an area may be harvestable because of the difficulties 
of ensuring the best management of each individual stock. The proportion would be bigger, when the 
potential is mainly composed of one stock (e.g. Peruvian anohoveta), and less where a range of species 
are concerned. 

If this practical ceiling of 8ojt is true, then the actual harvest likely to be achieved from the 
traditional speoies (groups (ii), (iii), and (iv) of Table S4) amounts to some do million tons. This 
is close to the figure of 73 million tons (29 million tons in addition to the 1966 catches of 44 million 
tons estimated by Moiseev (1969) 9 though his figure also includes catches of squid, other animals 
harvested at present but not included in the above groups. Figure 31 illustrates these various levels 
of potential catch in relation to the actual catches (of marine fishes) that have been taken since 
194B. These have been plotted on a logarithmic scale, which shows clearly the remarkably steady rate 
at which the world oatoh has been increasing during the last two decades. The figure also shows that, 
at the present rate of increase, the potential of these groups of fish, called here for convenience, 
the traditional fish, will be reached around the middle of the present decade. However, if other 
groups are included, then the present rate of increase of world oatoh could be maintained for a long 
period. 

Certain oonolusions concerning the major problems in world fisheries likely to arise in the near 
future, can be drawn from this figure. First, as regards the traditional stocks, significant increases 
in catches cannot be maintained for much longer, and future problems will be mainly concerned with 
making a rational use of what is available, i.e. the various aspects of fishery management. Second, 
very large increases in the production of food from the sea can be achieved by turning to less familiar 
sources, some of whioh are already being used in some parts of the world. These sources include both 
the natural production outlined in Table 34 and also the possible production from various forms of 
apiculture. The problems for these resources are two- fold - first, obtaining better information on 
their magnitude and location, and, second, developing more effective methods for their harvesting. 

This report is not specifically concerned with the detailed problems of the management of heavily 
exploited fish stocks, whioh have been discussed at length in reports and papers from FAO and other 
sources. However, it may be noted that the progress towards limiting the amount of fishing in inter- 
national fisheries ham been very slow in relation to the speed at whioh, as shown in the figure, catches 
from the traditional stooks are approaching their limit. The number of international bodies with res- 
ponsibility for management has been increasing, until most areas and stooks are covered, but the number 
of effective international schemes for limiting the amount of fishing is very small. These are mainly 
restricted to the oases where one country dominates the fishery (e.g. yellowfin tuna in the eastern 
tropical Pacific), or where only two countries with very similar economics are concerned (Pacific 
halibut, some stooks of Pacific salmon). 

Paradoxically, in view of the later collapse of the industry, the International Whaling Commission 
may be claimed to have had the greatest success in restricting the amount of fishing in a multi-nation 
industry. Unfortunately, the restriction was not enough (initially the excess was small) and the 
biology of whales - particularly their low reproduction rate - is such that even a small excess of 
fishing beyond the optimum level leads to a progressive decline in the stooks. 

Many fish stooks have been able to withstand a relatively greater exoess of fishing than that which 
destroyed the Antarctic whales, due apparently to their much higher reproductive rate, though some 
other stooks, e.g. Califomian sardine have declined to an even greater extent than the Antarctic 
whales. Fish stooks have also been protected by the mobility of many fishing fleets. As oatoh rates 
deoline in one area, the fleets can move to a similar, but less heavily exploited stock, elsewhere. 
This process has been most striking among the long-range fleets, especially from USSR and Japan, during 
the last decade, but also occurred half a century ago as the centre of the English trawling shifted 
from the Horth Sea towards Iceland and the Barents Sea. The number of alternative stooks of the same 
general type is now becoming exhausted. The problems of achieving, in international fisheries, an 
effective system of limiting the amount of fishing are, therefore, becoming much more pressing. These 
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may be aolved through the existing mechanisms of international commissions, though thare are also prea- 
aurea fop BOM drastic solution., e.g. ty wide extension of national Jurisdiction, or ^ grafter 
degree of authority, perhaps extending to actual jurisdiction, ty acme international body. 

3* FISH CULTURE! 

Little mention hma bean made in the detailed atudiee of the poaaibilitiea of fiah oultura, except 
fop the culture of Bollueoa. Though the atudiea have been restricted to the poaaible harvaat of the 
natural fiah production of the sea, intereat in fiah culture ia increasing, and thia culture will un- 
doubtedly have an important influence on the total fiah production of the world. 

Fiah culture nay be grouped into two olaaaea - thoae in which the animals being cultured feed 
wholly or mainly on the natural production of the water maaaea in which they are kept, and thoae in 
which moat of their food ia epeoially provided. Naturally there are graduationa between the two 
olaaaee. For inatanoe, the ainpler forma of freahwater fiah ponds depend entirely on natural produc- 
tion, but fiah yielde are inoreaaed ty a variety of methods of fertilisation and additional feeding 
until a level ia reached at which the aupplementary food ia the major item in the diet of the fiah. 

If reliance ia placed on natural production, the animals concerned must be plant eatera v or at 
leaat vary early in the food chain; also to be economically worthwhile cultivating, they muat be 
fairly valuable. For marine animals, this restricts the choice to molluaoa, particularly oysters 
and mussels. The cultivation of these is discussed in Chapter Q - Mollusos. 

Fiah culture which ia not baaed on the natural production ia strictly outaide the aoope of thia 
study. However, thia form of fish culture is already becoming important in aome areas, e.g. of shrimp 
and yallowtail in Japan - and ia attracting wide attention aa an opportunity for great future develop- 
ments. If thia occurs, large quantities of cheap food will be required, probably with a bigger propor- 
tion of fiah meal or similar products than ia desirable for chicken or pig rearing. Thia ia likely 
to create a big outlet for the catches of the less well known but abundant marine animals auoh aa krill 
or myotcphida. Thus the practical posaibilitiea of thia type of fiah culture are vary relevant to the 
probable development in harvesting several of the under-utilised resources. 

4* SEAWEEDS 

Ona potential harvest of natural production from the ooeana ia not considered in detail here, 
i.e. the aeaweeda. A reported total of some 900,000 tons ia given aa the world 1 a 1968 harvest in 
the FAO yearbook of Fishery Statistics, over half of which is taken by Japan. Thia figure ia certainly 
an under-estimate of the world* a harvest, possibly ty quite a substantial amount. 

Saaweada are uaed for a wide range of purposes, mainly industrial, but including direct human 
consumption of aome apeoiea, especially in Japan. Since many of these uaea are in fialda which com- 
pletely aaparate from the fields of use of normal fiah products, the loaa in completeness in not 
including in the present stucfcr of the living resources of the ocean ia probably not large. However, 
a complete atufy ahould include them, and atudiea are in fact now in progress in FAO to thia and. It 
ia hoped, therefore, that a detailed aeotion on aeaweeda will be included in any future reviaion of 
thia study. While no quantitative estimate of the potential will be attempted here, it ia clear from 
the geographical distribution of the present catches (over 50 from a small area in the Northwest 
Pacific}, that unleaa natural production in other parts of the world ia vary much lower (and standing 
crop in at laaat aome areas, e.g. southern South America, ia high), then the present world harvaat 
could certainly be inoreaaed aoveral-fold. 

5. FURTHER STUDIES 

The figurea given in this study, and summarised in Table 34, are clearly only first approximations 
to the quantitiea that can be harveated from the various fiah stocks of the world. Though it ia 
believed that theae approximationa are enough to provide uaeful guidea to the development of fisheries, 
and aa waminga of the need for management, it is clear that much needa to be done to make them more 
preoiaa. Suggcetiona for further reaearoh are given in the individual sections, and may be summarised 
aa followas 

(i) improved statistics; 

(ii) further stock assessment studies; 

(iii) quantitative atudiea of standing stocks of uneiploited stocks; 

(iv) better knowledge of soae of t>e basio scientific problems concerning fiah production. 



3 SQUIRT 

318 TOS/T97 

The shortcomings in the statistics have been outlined in the relevant sec ti one; they include 
(a) poor data on the area of capture tgr long-range voeaela, (b) the catches of email ships and of 
subsistence and sport* fishermen, (o) diaoarda 9 especially by shrimp trawlers in tropical watera. 
Another omission in many areas which randara regional atudiea more difficult ia of a regional bulletin 
of fishery statist ice similar to that issued for some 60 years by ICES, giving the total catch in the 
region by species and sub-area. 

The need for further stock assessment atudiea ia obvious. The number of stocks that have been 
studied in detail (catch and effort statistics, age composition, mortality ratea, eto.) ia very small. 
In the laat decade, many more etooks have been exploited to the extent that good assessments could be 
made by established methods. In addition, the simpler modala of the population fynanioe of marine 
fish need developing to take into account such things AS the poaaible forma of the relation between 
parent atook and subsequent recruitment . 

Quantitative surveys of fish stocks have generally been oonfined to trawl surveys, though some 
use has been made of modern acoustic techniques (e.g. Gushing 1968, Parriah 1969) and egg surveys 
(Gushing 1957 > Seville 1964) to estimate the standing stock of fiah. Some general discussion of the 
problems involved have been made ty working groups of FAO (ACMRR(PAO) 1967). With a suitable choice of 
techniques, it aeeaa that many fiah stocks can be surveyed with fair precision and a not unreasonable 
degree of accuracy. The estimates are, however, normally of standing atook, rather than of production, 
or poaaible sustained harveet. One relation between unexploited standing atook (B), and potential 
harvest ( c n^)> haa oen suggested in the introductory section, via., C...- 0.5 x M x B, where M is 
the naturalmortality coefficient, but further studies are required to confirm or reject thia hypothesis. 

Finally, it ia clear that very much more needa to be known about the processes of production in 
the sea. There ia a fair amount known about the rate of primary production, and of the production of 
some of the major commercial fishes, but in between - normally at least one, and possibly several 
atagea of herbivores, primary and secondary carnivores, eto. - very little is known. Even the standing 
atook ia not at all wall known for the more active animals such aa euphausids, squids and small fiah. 
The biomaaa of the smaller aooplankton - oopepoda, sagitta, eto. - ia better known, but their poaition 
in the food chain ia not always well established - some are mainly herbivcroue, some carnivorous, and 
othera opportunity feedera. 

For all theae groups, the relation between standing atook and annual production ia unknown. 
Gushing (1969) divided the standing atook by the estimated generation time to obtain annual produc- 
tion, but thia may be an under-estimate. Waters ( 1969) has shown that for a range of likely patterns 
of growth and mortality, the total production during a generation ia between 2.5 and 5 times the 
average at ending atook. 

Another general subject about which far too little is known concerns the ecological efficiency, 
or the ratio of the production at successive trophic levels. This study is much more difficult in 
the sea ty the fact that few animals fit neatly into a single trophic level. For instance, the 
Peruvian anchoveta, though at times mainly a phytoplankton eater, at other times eats large quantities 
of looplankton (Rojas da Nendiola 1969) t and some of these aooplankton animals may themselves be car- 
nivorous for all or part of their life. 

Many fish also change their food habits very markedly during their livea. Thus, aa it grows, a 
hake may have as its main food items first sooplankton, then small plankton-eating fish, and then 
larger fish, including email er hake; thus it may be separated ty successively 1, 2, and 3 stages 
from the primary production. The trophic level of the hake catch will, therefore, depend on the 
sice of the fish being harvested, and also any estimation of this level will have to take into 
account that some of the biomass of a large hake will have been produced when it waa a small or 
medium aised fiah. 

Any estimation of ecological efficiency, under natural conditions, is difficult, if not impossible, 
due to lack of good data of production other than at the level of primary production, and at the level 
of the commercial fish. The up-to-date knowledge of this subject was reviewed at a symposium at Aarhus 
in 1968 (Steels in press). The information available did not suggest that any improvement could at 
present be made with any confidence to the round figures of 10Jt or 15# or 20jt often used. Higher 
values of the efficiency of conversion of food into growth were noted, eepeoially at some stages, 
e.g. among Juvenile fast growing oopepoda, but it waa not certain that such high values could be 
achieved in a natural population. Also the real ecological efficiency would tend to be lower because 
not all the production at one trophic level will be converted tqr the next level f against this, the 
lossea, e.g. due to deatha from disease, will tend to be recycled in the system by bacteria without 
being entirely lost to the productive system. 
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Despite these unoertaintiee, a quantitative link has been found in some areas (North Sea, follow- 
ing Steele1965i and parts of the Northeast Pacific), between primary production and fish production. 
In the North Sea, at least, the links are strong enough to afford some support to the estimates of fish 
potential obtained in other ways, and to confirm that no large potential of larger animals has been 
omitted from the studies. As the basic studies on the productivity at successive trophic levels, and 
on the transfer between levels, advance, they will certainly enable better estimates of the potential 
of harvestable animals to be made. 
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Appendix Table 11- Recent oatohaa of fieh fro* the Northweet Atlantic (froa ICNAP Statistical 
Bulletin) ('000 tons, live weight) 
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Cod 302 265 


321 
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451 
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350 


359 
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TOTAL 22 26 


34 


32 


119 


114 


280 


297 


266 


223 


261 


377 


366 


329 


426 


Sub-area 3 




























Cod 472 429 


392 


449 


294 


425 


471 


461 


389 


466 


581 


498 


499 


721 


743 


Haddock 56 104 


84 


68 


44 


35 


67 


79 


35 


15 


12 


9 


10 


11 


6 


Halibut 1 1 


1 


2 


2 


2 


3 


2 


2 


1 


2 


2 


1 


3 


7 


Anerioan 3(a) 15 


14 


18 


21 


21 


22 


18 


17 


26 


39 


50 


56 


60 


55 


plaice 




























Redfiah 37 18 


30 


58 


159 


246 


99 


90 


61 


69 


95 


109 


79 


89 


48 


Capelin - - 


- 


7 


9 


5 


6 


5 


4 


5 


4 


4 


4 


3 


2 


Herring 7 5 


4 


8 


11 


4 


6 


4 


5 


6 


3 


8 


23 


79 


155 


TOTAL 599 591 


540 


631 


555 


768 


711 


694 


535 


609 


784 


740 


748 


1,103 


1|157 


Sub-area 4 




























Pollock 2(b) 19 


22 


22 


29 


13 


30 


29 


33 


31 


32 


28 


25 


15 


18 


Cod 149 160 


198 


188 


214 


214 


218 


212 


219 


218 


229 


225 


215 


194 


247 


Haddock 51 43 


51 


48 


49 


53 


46 


47 


44 


51 


60 


85 


66 


49 


46 


Silver 




- 


- 


2 





- 


9 


123 


81 


50 


10 


2 


3 


hake 




























Halibut 2 2 


2 


3 


3 


3 


3 


2 


2 


2 


2 


2 


1 


7 


2 


American -(o) 12 


9 


8 


9 


9 


11 


9 


7 


9 


10 


15 


19 


18 


19 


plaice 




























Other 18(0) 2 


2 


3 


4 


4 


5 


9 


9 


11 


14 


22 


36 


22 


52 


flounders 




























Redfiah 55 59 


64 


55 


55 


42 


50 


42 


43 


58 


53 


68 


106 


88 


103 


Mackerel 12 11 


9 


8 


7 


4 


6 


4 


6 


6 


10 


11 


13 


11 


20 


Herring 85 82 


78 


91 


92 


102 


105 


81 


116 


112 


140 


181 


236 


261 


348 


TOTAL 451 462 


511 


491 


522 


524 


549 


498 


578 


753 


740 


777 


802 


723 


940 


Sub-area 5 




























Cod 12 12 


13 


13 


16 


16 


14 


18 


26 


30 


29 


42 


57 


42 


49 


Haddock 55 51 


59 


55 


45 


41 


46 


52 


59 


60 


70 


155 


127 


57 


44 


Pollock 8 10 


7 




14 


10 


10 


8 


6 


6 


9 


9 


10 


9 


5 


Silver 41 46 


40 


57 


49 


50 


47 


43 


86 


147 


221 


323 


162 


101 


80 


hake 
Other 6 6 


7 


4 


4 


4 


6 


5 


5 


9 


31 


75 


88 


45 


20 


hakca 
Tellowtail 5 6 


6 


10 


15 


13 


14 


17 


26 


35 


37 


37 


31 


26 


33 


flounder 




























Other 12 12 


14 


13 


11 


12 


14 


13 


13 


12 


19 


20 


23 


23 


21 


flounder a 
Redfiah 13 14 
Mackerel 1 1 
Herring 58 


14 
2 
66 


18 
1 
73 


16 
2 

81 


15 
2 
48 


12 
1 
69 


14 

1 
94 


14 
1 

223 


10 
2 

167 


8 
2 

159 


8 
4 
74 


9 
166 


. 11 
16 
250 


7 
47 
337 


TOTAL 414 428 


470 


514 


459 


459 


443 


4*9 


693 


714 


756 


890 


867 


732 


810 




[uantitias included 


with 


various flounders 










~ 2 " 25 " (b) Considerable < 


[uantit 


iee ir 


icluded 


1 4 * 


A MMI 


groun< 

rt+-Mfc 


ifish ( 


speoi< 


is not 


known) 
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PIRS/T97 



Appendix Table A2- Catohes from I CHAP tub-area 6 (from IOHAP Statistical Bulletin) 
(000 tons, live weight) 





1966 


1967 


1968 


Silver hake 


96 


23 


15 


Red hake 


26 


15 


2 


Flounders 


9 


12 


(*) 


Other demersal fish 


37 


20 


(*) 


Herring 


6 


5 


28 


Menhaden 


136 


122 


(b) 


Ale wife 


21 


23 


(b) 


Other fish 


24 


24 


(*) 


Total fish 


355 


244 




Sea scallops 


129 


27 


24 


TOTAL (a) 


794 


645 


(b) 


USA 


639 


597 


(b) 


USSR 


131 


47 


53 


Canada 


24 


1 


4 


Others 


1 


1 


15 



Notes - ( a) Includes unspecified shellfish 
(b) Pull details not available 



PIR8/T97 
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I 



a 



* 
1 



! 

I 



I 

8 
I 






l 









* 



R 

O\ 



CNI *- - - 



2 a a a * 

CM CM SO HS 



H Vl 

1 I 






s- 





CM 

I 






i! 



a 



B - iOHTHCAflT ATLANTIC 
APPSBDXX TABLES 



-KW/W7 



Appendix Tmblo B1 Omtohom of mmlootod 



in tho IGB8 aroa (Mtrio tone) 



Spool** 


irmm. 


1962 


1963 


1964 


1965 


1966 


1967 


1968 


Oaptlin X 


BarmatoBom 


3,514 


34,738 


19,675 


202,891 


279,975 


316,957 


480,272 


xim 


forwafiaa 8mm 





- 


- 


21,462 


109,013 


91,410 


56,868 




Subtotal 


3,5U 


34,738 


19,675 


224,353 


388,988 


408,367 


537,140 


7m 


Xoolmad Ground* 


- 


1,078 


8,640 


49,735 


124,934 


97,165 


78,166 


TOTAL 




3,514 


35,816 


28,315 


274,088 


513,922 


505,532 


615,306 


Halibut X 


Bartnt* 8mm 


1,494 


2,694 


24,083 


1,781 


1,346 


235 


257 


XXm 


ommfima 8am 


3,378 


2,473 


2,874 . 


13,707 


7,732 


2,145 


1,910 


XXb 


Bpitrtorcon mad 


















Baar Inland 


828 


1,008 


2,494 , 


5,137 


3,305 


12 


2 




Subtotal 


5,700 


6,175 


29,451 


20,625 


12,383 


2,392 


2,169 


Va 


Xoalmad Ground* 


4,924 


4,653 


3,759 


4,060 


2,647 


2,805 


2,091 


TOTAL 




10,624 


10,828 


33,210 


24,685 


15,030 


5,197 


4,260 


Union Va 


loaland Ground* 


2,567 


2,079 


2,352 


2,560 


1,542 


1,418 


1,370 


Sola XV 


I.C.S. forth 8mm 


4,630 


3,791 


4,793 


5,683 


6,134 


6,904 


6,270 


nx 


(TO a 4 f , b * o f 


















f-^d+oj 


417 


271 


4,557 


5,089 


6,468 


3,670 


753 


TOTAL 




7,614 


6,941 


11,702 


13,332 


. 14,144 


11,992 


8,393 


Plmiom Ta 


Xoolmad Ground* 


11,411 


9,658 


9,368 


10,898 


11,875 


11,380 


10,270 


X? 


f.08. forth 8mm 


87,419 


107,062 


110,368 


96,927 


100,130 


100,646 


108,838 


TXI 


(TXX a -f f , b * o, 


















f - k, d + o) 


5,170 


5,656 


7,169 


9,069 


10,804 


11,729 


10,876 


TOTAL 




104,000 


122,376 


126,905 


116,894 


122,809 


123,755 


129,984 


Solo XT 


f.C.S. forth 8mm 


26,841 


26,131 


11,299 


16,966 


31,769 


21,647 


29,400 


(Co*ftoa)TXX 


(TXX a + f , b 4 o, 


















C - k, d + o) 


2,901 


2,768 


4,164 


5,048 


3,737 


3,711 


3,192 


TOTAL 




29,742 


28,899 


15,463 


22|014 


35,506 


25,358 


32,592 


Ood X 


Bar*nt*Saa 


510,409 


508,859 


230,844 


202,855 


264,646 


297,204 


598,172 


lib 


8plt*borfoa tr^ 


















Baar Island 


218,041 


110,526 


75,355 


80,139 


54,866 


113,634 


262,832 


XXm 


forvofima 8mm 


199,346 


184,561 


162,039 


198,399 


237,922 


208,469 


241,436 




Subtotal 


927,796 


803,946 


468,238 


481,393 


557,434 


619,307 


1,102,440 


Tm 


Xoalmad Ground* 


386,422 


409,376 


434,510 


393,552 


357,397 


343 |97 3 


379,457 


. Tb 


Imroo* Ground* 


24,230 


24,136 


25,127 


27,127 


22,936 


26,743 


34,150 


XT 


f.O.S. forth 8mm 


89,558 


105,921 


121,550 


179,469 


219,702 


249,803 


285,314 
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Speoiei 




AMM 


1962 


1963 


1964 


1965 


1966 


1967 


1968 


OoA (Coat,) 


TX 


V.W. Coot Scotland, 




















I, Ireland, Rookall 


10,065 


14,370 


24,137 


24,222 


18,651 


25,210 


25,022 




nxb 


o, A, Baltic 
The Sound and Bolt 




















Si* 


151,103 


146,831 


128,111 


128,349 


158,711 


167,806 


184,031 


TOTAL 






1,589,174 


1,504,580 


1,201,673 


1,234,112 


1,334,831 


1,432,842 


2,010,414 


Haddock 


X 


Barenti 8** 


147,796 


111,191 


55,833 


68,580 


75,729 


56,164 


98,755 




XX 


SpttabiifiB and 




















Bear liland 


3,762 


1,053 


1,169 


1,429 


1,986 


1,101 


4,061 




XX* 


Borvegiaa Sea 


32,222 


33,228 


29,906 


36,201 


51,935 


37,810 


53,066 






Subtotal 


183,780 


145,472 


86,906 


106,210 


129,650 


95,075 


155,882 




7* 


loelaad Oroundi 


119,603 


102,562 


99,247 


99,7 


60,141 


60,482 


51,227 




Vb 


Faroe* Oroundi 


27,149 


27,569 


19,491 


18,407 


18,762 


13,372 


17,857 




IT 


V.C 9 8, Worth SM 


52,419 


59,398 


198,706 


221,700 


268,958 


167,408 


139,469 




?I 


I.V. Coait Scotland, 




















I.Irelend, Rookall 


10,732 


16,864 


29,251 


33,015 


31,816 


21,176 


21,372 


TOTAL 






393,683 


351,865 


433,603 


478,459 


509,327 


357,513 


385,807 


Hake 


VI 


B.V. Coait Scotland 




















I. Ireland, Rookall 


8,878 


8,215 


7,909 


8i370 


6,652 


5,827 


5,284 




TO 


(711 * + f , b * o, 
f - k, A - ) 


21,131 


17,320 


12,038 


33,345 


8,435 


10,852 


8,984 




mi 


Bay of Biioay 


46,853 


51,752 


47,058 


17,805 


33,003 


42,609 


42,369 




XX 


Portugal Coait 


45,355 


49,924 


57,659 


57,017 


56,030 


55,009 


() 


TOTAL 






122,217 


127,211 


124,664 


115,537 


104,120 


114,297 


U) 


Lint 


X 


Barenti Si* 


1,094 


2,661 


1,131 


5 


11 


11 


9 




lib 


gpitibiXfia and 




















Bear liland 


7 


14 


23 


14 


3 


9 


3 




XI* 


I orwegiaa 8** 


11,868 


6,747 


7,059 


9,342 


5,486 


6,496 


8,670 






Subtotal 


12,969 


9,422 


8,213 


9,361 


5,500 


6,516 


8,682 




V* 


loelaad Orouadi 


12,117 


10,492 


10,374 


10,658 


10,032 


13,152 


14,526 




TV 


I.C.S. Borta Si* 


4,512 


8,115 


10,247 


10,024 


9,807 


7,757 


6,349 




YI 


B.W. Coait Scotland, 
I. Ireland, Rookall 


4,422 


6,449 


8,362 


8,821 


9,010 


13,057 


16,370 

MMMMMMMMMI 


TOTAL 







34,020 


34,478 


37,196 


38,864 


34,349 


40,482 


45,927 




I? 


lomay 


156,960 


166,827 


82,669 


59,342 


52,737 


180,173 


468,713 






Pout 
















',TOTAL 






172,731 


185,722 


109,720 


77,423 


T? 


() 


() 


Seithe 


I 


Barenti Sea 


10,929 


20,809 


53,968 


16,149 


10,479 


13,358 


15,634 




lib 


Spitiberfen and 
Bear liland 


403 


143 


994 


884 


921 


275 


114 




II* 


*Hi*aSi* 


109,375 


127,675 


142,544 


168,567 


191,575 


167,389 


94,428 
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Specie* 




Area* 


1962 


1963 


1964 


1965 


1966 


1967 


1968 


Sftitht (Cont.) 




Subtotal 


120J07 


148,627 


197,506 


185,600 


202,975 


181,022 


110,176 




7ft 


loeland Ground* 


50,385 


48,449 


60,417 


6o;i07 


52,168 


76,269 


77,944 




7b 


Faroe* Ground* 


10,454 


12,693 


21,893 


22,181 


25,497 


21,126 


20,387 




17 


N.C.S forth Sea 


22,276 


27,571 


55,102 


68,907 


86,927 


72,504 


97,397 




71 


H.H. Coot Scotland, 
N. Ireland, Rookall 


7,159 


6,609 


13,596 


18,395 


18,509 


16,034 


12,504 


TOTAL 






210,981 


243,949 


348,514 


355,190 


386,076 


366,955 


318,408 


Tuik 


I 


Barent* Sftft 


807 


648 


931 


423 


249 


397 


605 




lib 


Spitsbergen and 
Bear Island 


100 


331 


99 


55 


12 


38 


70 




lit 


Horwegian SMI 


20,096 


17,078 


20,819 


21,432 


16,660 


17,259 


16,229 


TOTAL 






21,003 


18,057 


21,849 


21,910 


16,921 


17,694 


16,904 


Whiting 


17 


lf,C,S. forth Sta 


68,967 


98,653 


91,528 


106,694 


155,153 


91,245 


144,920 




71 


N.W, Coart Scotland 
N. Ireland, Rookall 


8,612 


10,541 


8,612 


19,304 


18,787 


19,709 


14,474 




711 


(711 ft + f f b + o, 
g - k f d + e) 


26,071 


25,756 


26,071 


27,207 


27,207 


35,466 


29,691 


TOTAL 






103,650 


134,950 


126,211 


153,205 


201,147 


146,420 


189,085 


Redfifhee 


I 


Barents Sea 


8,621 


10,753 


40,030 


6,333 


6,383 


3,655 


2,703 




lib 


Spitsbergen and 
Bear Iiland 


14,746 


15,429 


11,273 


4,467 


3,280 


1,323 


739 




lift 


Horwegian Sea 


12,198 


15,750 


14,874 


29,055 


25,5 


18,653 


14,375 






Subtotal 


35,565 


41,932 


66,177 


39,855 


34,788 


23,631 


17,817 




7ft 


loeland Ground* 


75,277 


90,132 


95,160 


113,796 


106,627 


94,742 


96,056 




XI7 


Ea*t Greenland 


27,228 


36,838 


41,092 


36,403 


23,191 


33,170 


23,079 


TOTAL 






138,070 


168,902 


202,429 


190,054 


164,606 


151,543 


136,952 


SandEeli 


17 


N.C.S Horth Sea 


110,041 


162,134 


128,501 


130,802 


161,110 


188,795 


194,225 


TOTAL 






110,041 


162,134 


128,501 


130,802 


161,110 


183J95 


194,225 


Hoptt 
Mackerel 


711 
IX 


Bay of Biiofty 
Portngftl Ooftjrt 


47,204 
56,826 


47,671 
69,223 


51,694 
69,690 


48,507 
62,547 


43,035 
53,475 


48,439 

63,851 


56,393 
(a) 


TOTAL 






104,030 


116,894 


121,384 


111,054 


96,510 


112,290 


() 


Herring 


I 


Barenti Sea 


95,401 


93 f 153 


7 f 869 


123,041 


174,892 


381,036 


367,012 




lift 


Norwegian Sea 


505,783 


622,969 


861,664 


1,045,845 


1,344,894 


1,167,032 


282,685 




7ft 


loeland Ground* 


650,508 


507,703 


625,141 


624,040 


482,615 


118,014 


30,775 




7b 


Faroet Grounds 


6,618 


23,060 


14,514 


4,391 


8,618 


27,016 


6,019 




17 


N.C.S, North Sea 


678,515 


805,301 


932,046 


1,230,315 


1,038,851 


819,324 


850,127 




71 


If.W.Coaet Scotland 
N. Ireland, Rookall 


63,699 


53,949 


69,720 


66,385 


93,147 


103,074 


100,323 
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MM/TOT 



Species 


Areas 


1962 


1963 


1964 


1965 


1966 


1967 


1968 


Herring (Cont.) VII 
Illb, 


(VII a + f , b + o, 
* - k, d - e) 

o, d Baltic, The 
Sound and Belt Sea 


37,226 
177,045 


29,543 
214,852 


20,753 
216,001 


23,385 
214,916 


38,306 
232,709 


40,166 

267,224 


41,525 
315,652 


Ilia 


Kattegat and 
























Skagerrak 


116 


9 


771 


159,988 


273,603 


238,923 


152,449 


244,698 


288,987 


101/.L 


2 


,331,556 


2,510,518 


3,021,311 


3,571,241 


3,566,481 


3,167,584 


2,283,105 


Pilchard VIII 


Bay of Biscay 


51 


, 


440 


49,141 


47,139 


39,543 


37,566 


38,536 


32 


,205 


IX 


Portugal Coaflt 


17^/17 


170,546 


204,191 


184,798 


168,985 


160,291 




(ft) 


T01/.L 




228 


, 


057 


219,687 


251,330 


224,341 


206,551 


W f 827 




(ft) 


Sprat IV 


N.C.S. North Sea 


31 


9 


312 


67,668 


70,812 


76,180 


106,577 


69,496 


65 


t437 


III 


b, o, d Baltic, The 
























Sound and Belt Sea 


62 


9 


732 


61,045 


80,818 


73,598 


70,254 


61,487 


74 


,065 


TOUAL 




94 


, 


044 


128,713 


151,630 


149,778 


176,831 


130,983 


139 


9502 


Tunas VIII 


Bay of Biscay 


54,674 


47,658 


51,834 


50,743 


40,689 


51,768 


40,629 


IX 


Portugal Coast 


10 


9 


887 


18,090 


10,305 


14,281 


14,064 


10,569 




(ft) 


lO'LO- 




65 


9 


561 


65,748 


61,139 


65,024 


54,753 


62,337 




(ft) 


Mackerels IV 


N.C.S. North Sea 


66 


, 


285 


55,402 


79,390 


151,721 


505,134 


909,879 


808,578 


Ilia 


Kattegat and 
























Skagerrak 


12 


9 


747 


17,666 


35,607 


56,745 


24,594 


20,069 


12,867 




Subtotal 


79,032 


73,068 


114,997 


208,466 


529,728 


929,948 


821 


,445 


VII 


(Vila + f , b * o. 
























g - k, d - e) 


20 


9 


230 


24,560 


22,778 


16,562 


41,205 


33,518 


34 


,728 


VIII 


Bay of Biscay 


12 


9 


368 


15,871 


16,923 


21,627 


25,881 


33,702 


25,898 


IX 


Portugal Coast 


18 


9 


729 


10,713 


11,776 


34,140 


18,244 


22,219 




(ft) 


TCI /-.I 




130 


9 


359 


124,212 


166,474 


28 f 795 


615,058 


1,019,387 




(ft) 


Dogfishes IV 


N.C.S. North Sea 


30 


9 


437 


34,366 


21,638 


26,108 


23,414 


26,346 


36 


,416 


Ha 


Norwegian Sea 


6 


, 


797 


4,850 


3,527 


2,418 


1,593 


1,368 


1 


9374 


1 ( '1 A 1 




37 


9 


234 


39,216 


25,165 


28,516 


25,007 


27,714 


37 


,790 


Ray* & IV 


N.C.S. North Sea 


9 


9 


588 


10,683 


10,982 


10,037 


8,233 


7,474 


7 


,702 


Skates ^ 


N.W. Coast Scotland, 
N.Ireland, Rookall 


3 


9 


714 


3,910 


4,787 


4,317 


3,905 


3,819 


3,753 


VII 


(TO a + f , b + c. 
g-k, d+ e) 


21 


9 


765 


21,994 


21,344 


17,641 


16,019 


16,740 


17 


,275 


VII 


Bay of Biscay 


6 


9 


862 


5,920 


6,732 


5,921 


5,787 


5,769 


6 


,052 


TOT A;, 


41,929 


42,507 


43,845 


' 37,916 


33,944 


33,80? 


34 


,782 
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8poiM Axvu 1962 


1963 


1964 


1965 


1966 


1967 


1968 


DMortvd 17 IC,8. Worth SM 23,100 


49,564 


154,034 


136,127 


56,523 


56,262 


57,636 


YII (VXX ft + t , * + o. 














ff - k, A + ) 29,788 


33,794 


33,393 


37,757 


22,816 


2,001 


25t457 


VII B^r of Bloy 28,517 


28,580 


35,321 


15,670 


30,485 


13,718 


32,234 


ZZ Fortacml OoMt 36,731 


46,441 


49,291 


36,731 


47,712 


54,372 


() 


TOTAL 118,136 


158,379 


272,039 


226,285 


157,536 


126,353 


(0 



Not* - (a) Drta not yt available 
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1962 


1963 


1964 


1965 


1966 


1967 


1968 




132,734 
718,346 


129,589 
681,362 


26,5k 
427,594 


313,694 


383,942 


704,046 
390,606 


739,606 


TOTAL 


821,080 


810,951 


456,876 


640,466 


843,876 


1,094,828 


1,592,176 


II lomafian Baa Ftlafio 


510,775 
426,660 


625,167 
418,872 


862,355 
422,796 


1,073,757 
518,385 


1,460,079 
581,311 


1,261,139 
513*303 


343,531 
460,916 


TOTAL 


937,435 


1,044,039 


1,285,151 


1,592,142 


1,041,390 


1,774,942 


804,447 


nb Spitabtrjtn and Ptlajio 
Baor Til and 


2,228 
245,793 


1,044 
135,066 


1,320 
93,565 


1,426 
94,090 


1,476 
66,504 


80,961 
123,681 


53,801 
281,048 


TOTAL 


248,021 


136,110 


94,885 


95,516 


67,980 


204,642 


334,849 


T<rtal(l 4 Ila * lib) FtUfio 


615,737 
1,390,799 


755,800 
1,235,300 


892,557 
944,355 


1,401,755 
926,369 


1,921,491 

1,031,757 


2,046,120 
1,026,292 


1,249,902 
1,481,572 


TOTAL 


2,006,536 


1,991,100 


1,636,912 


2,328,124 


2,953,246 


3,074,412 


2,731,474 


Ta lulu* Oroundf Ptlafio 
Dtoarmal 


657,406 
707,496 


514,386 
730,594 


643,366 

754,304 


683,240 
734,638 


615,413 
637,336 


219,905 
661,850 


115,510 
680,915 


TOTAL 


1,364,902 


1,244,980 


1,397,670 


1,417,878 


1,252,749 


861,755 


796,425 


XX? Ia*t Orttnland Ftlafio 


424 
46,216 


1,169 
62,369 


1,895 
79,696 


1,562 
57,019 


42,724 
37,299 


229 
59,350 


223 

40,173 


TOTAL 


46,640 


63,538 


81,591 


56,581 


80,023 


59,579 


40,396 


*****'** ^ 


657,830 
753,712 


515,555 
792,963 


645,261 
834,000 


684,802 
791,657 


658,137 
674,635 


220,134 
721,200 


115,733 
721,088 


TOTAL 


1,411,542 


1,308,518 


1,479,261 


1,476,459 


1,332,772 


941,334 


836,821 


Vb huroM Oroundi ftlaclo 
OMMTM! 


7,867 
77,431 


24,417 
80,712 


15,661 
91,663 


5,335 

92,982 


10,368 
85,663 


27,380 
82,981 


8,033 
98,698 


TOTAL 


85,298 


105,129 


107,344 


98,317 


96,231 


110,361 


106,731 


IT I.C.S. forth SM Plafio 
DrawMl 


919,640 
590,876 


1,145,780 
690,258 


1,367,575 
773,900 


1,733,169 
858,801 


1,871,524 
1,010,652 


2,048,613 
977,204 


1,978,250 
1,368,317 


TOTAL 


1,510,516 


1,836,038 


2,141,475 


2,591,970 


2,882,176 


3,025,817 


3,346,567 


!lrUBd,Rookll * B|m|ra|ll 


72,051 
64,620 


60,462 
79,931 


79,017 
127,167 


75,883 
133,378 


101,403 
125,386 


108,933 
123,837 


112,757 
116,995 


TOTAL 


136,671 


140,393 


206,184 


20^,261 


226,789 


232,770 


229,752 
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Speciee 


Area* 


1962 


1963 


1964 


1965 


1966 


1967 


1968 


Pelagic 
Demersal 


XII Baltic. TlMi Sound 
and Btii Sea, 
Kattegat and 

Skagerak 


72,051 
270,026 


60,462 
254,496 


79,017 
237,475 


75,883 
223,087 


101,403 
251,347 


108,933 
278,739 


299,504 


TOTAL 




744,103 


819,069 


885,821 


847,904 


783,335 


926,862 


1,039,635 


Magic 
Demersal 


VII (Vila + f 9 b 4 o, 
g - k, d 4 ) 


96,080 
121,386 


100,303 
123,245 


94,626 
140,803 


89,890 
171,484 


109,903 
144,835 


81,819 
154,581 


112,066 
144,591 


TOTAL 




217,466 


223,548 


235,429 


261,374 


254,738 


236,400 


256,657 


Pilagio 
Demersal 


Till Bay of Biscay 


268,217 
120,088 


250,066 
136,426 


296,831 
138,027 


301,412 
115,552 


238,403 
129,095 


237,552 
139,513 


243,104 
148,013 


TOTAL 




388,305 


386,494 


434,858 


416,964 


367,498 


377,065 


391,117 


Pelagic 
Demersal 


IX Portugal Coast 


343,431 
66,903 


343,194 
71,938 


379,109 
78,069 


388,986 
81,681 


349,392 
80,671 


354,94? 
8o t 355 


(a) 
() 


TOTAL 




410,334 


415,132 


457,178 


470,667 


430,063 


435,297 


(a) 



Notes - For th purpose of thii table, Demersal and Pelagio are defined in terms of the PAO species 

groups* Demersal includes all flounders, oods, redfishes, eto. (except sand-eels) and sharks. 
Pelagic includes oapelin, sand-eels, herrings, jacks, tunas, mackerels, and un sorted. 

(a) Data not yet available 
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Appendix Table B3 - Total oat oh in ICES area ty FAO epeciei groupe 



Speoiee 


1962 


1963 


1964 


1965 


1966 


1967 


1968(d) 


Demersal Total 


3,518,246 


3,538,541 


3,380,314 


3,418,722 


3,539,769 


3 f 700,000(o) 


4,454,834 


Flounder* 


279,724 


289,341 


312,149 


299,504 


310,996 


326,248 ' 


322,442 


Coda 


2,855,359 


2,842,772 


2,632,025 


2,706,469 


2,857,537 


2,901,145 


3,769,070 


Redfiihet eto (a) 


265,446 


282,138 


314,693 


311,682 


272,662 


259,391 


266,822 


Shark* 


117,717 


124,290 


121,447 


101,067 


98,574 


114,676 


96,500 


Pelagio Total 


3,485,585 


3,780,025 


4,445,866 


5,329,183 


5,813,053 


5,534,527 


4,657,981 


Capelin 


3,768 


35,816 


28,315 


274,088 


513,937 


505,638 


615,771 


Jaoke, Xulleti 


120,015 


138,486 


151,304 


142,502 


114,699 


63,597 


83,489 


SandU-eels 


140,105 


184,234 


132,038 


140,989 


180,635 


209,890 


201,221 


Herri ngej 


2,784,768 


2,960,083 


3,559,989 


4,099,691 


4,107,408 


3 f 700 f OOO(o) 


2,630,468 


Tunae 


75,454 


66,384 


68,946 


76,175 


60,921 


64,550 


52,176 


Mackerel! 


157,223 


143,266 


182,297 


297,638 


627,167 


1,025,000(o) 


897,175 


Unaorted 


204,252 


251,756 


322,977 


298,100 


208,286 


118,764 


177,681 


Crueteoeane (b) 


126,950 


151,468 


134,639 


124,959 


128,907 


118,623 


122,216 


Xolluioi (b) 


262,238 


243,490 


292,327 


307,068 


390,751 


274,627 


401,555 


GRAND TOTAL 


7,003,831 


7,318,566 


7,826,180 


8,747,905 


9,352,822 


9,390 f OOO(o) 


9,112,815 



Not - (a) Except eand-eela 

(b) Not included in total 

(o) Estimated 

(d) Grand total doee not include data for Portugal ae not available 
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Appandix Tablt C1 - Catobaa in the Mediterranean and Blaok Soa ty oountriee ('000 metric too*) 



Country 


1960 1961 1962 1963 


1964 


1965 


1966 


1967 


1968 


Albania 


3.5 


3.6 


4.0 


4.0 


4.0 


4.0 


Alfaria 


16.9 


17.3 


18.2 


20.3 


21.0 


18.2 


Bulgaria (a) 


7.5 


13.2 


19.8 


26.8 


21.8 


36.3 


Qjrprue 


0.6 


0.6 


1.0 


0.9 


0.9 


1.4 


i_^___ 
jnrBfaoe 


31.2 


34.1 


27.5 


35.0 


48.9 


48.9 


Gibraltar 








... 


... 


... 


... 


Oraaoa 


84.9 


84.1 


55-3 


52.8 


53.5 


55-0 


lorael 


2.5 


2.7 


2.9 


2.8 


2.6 


3.3 


Italy 


255.6 


269.9 


280.9 


288.0 


286.9 


283.8 


Lebanon 


2.2 


2.0 


2.3 


2.5 


1.8 


2.5 


LilQra 


0.1 


0.5 


2.9 


3.3 


4.2 


5-5 


Malta 


1.6 


1.4 


1.2 


1.3 


1.4 


1.6 


Monaco 


... 


... 


... 


... 


... 


... 


Morocco 


6.3 


8.6 


8.3 


9-2 


7.4 


10.0 


Romania 


6.7 


4.5 


8.4 


3.8 


4.1 


4.2 


Spain 


120.9 


120.9 


111.7 


108.4 


106.4 


111.7 


Syria 


0.5 


0.5 


0.5 


0.6 


0.7 


0.8 


Tuniaia 


25.8 


21.4 


22.8 


25.8 


33.1 


35.0 


Turin? 


123.4 


114.6 


129.1 


114*0 


176.2 


127.6 


UAR 


32.9 


26.0 


24.7 


15.0 


15.0 


15.0 


USSR 


203.0 


226.4 


238.0 


290.5 


278.3 


263.1 


Yugoslavia 


21.3 


25-3 


26.0 


27.3 


30.0 


29.9 


TOTAL 


950.0 


980.0 


990.0 


1,030.0 


1,100.0 


1,060.0 



Notee - ... No data 

Include* eatiaatee for th oateh data of oountri whr **...** indioaU that no official 
fifurta art available to PAO. Total ia roundtd to tho noaraat ton thousand Mtrio ton* 

(a) Inoludaa fraahwatar. Catohti in tht Blaok Soa avoraf* 4,400 tona in 1960-9, 9# bain* 
ptlafio ipaoita 



Mtf&iTftRRAMPUF AND BLACK 8SA 
APPEHDIX TABLES 

221 



Appmdix Tabl* 02 - Cttohu IB th Kditrrian and BUek SMI ty croup of iptoiM tnd V PoiM 

(000 Mtrio tons) * * 



Group of spsoiss 
Spsoiss 


1960 1961 1962 1963 


1964 


1965 


1966 


1967 


1968 


Shads 


2J.O 


52.0 


83.0 


96.0 


89.0 


60.0 


Flatfishes 


10.0 


10.0 


11.0 


10.0 


9.0 


9-0 


Sola (common) 


5.0 


4*2 


5-7 


4.6 


3.8 


3.6 


Gadoids 


26.0 


29.0 


26.0 


28.0 


28.0 


30.0 


Haks (European) 


13.8 


13.3 


13-4 


15-3 


1M 


15.1 


Rsdfishas, basts t, oonfsrs, 


93.0 


124-0 


124.0 


132.0 


129.0 


120.0 


sto. 














Jacks | Mallsts, stc. 


80.0 


64*0 


56.0 


60.0 


87.0 


72.0 


Eorss aaoksrsls 


50.5 


38.6 


31.2 


34.6 


54.9 


42.2 


Nallsts 


10.2 


10.9 


10.8 


11.9 


17.1 


14.7 


Clupsoids 


333.0 


325-0 


320.0 


383.0 


382.0 


398.0 


Anobovy (North Atlantic) 


205.9 


203.2 


202.3 


240.5 


263.9 


265-8 


Pilchard ( European ) 


112.0 


108.4 


101.1 


122.3 


109*0 


120*8(a) 


Tunas, bonitos f skipjacks 


29.0 


22.0 


34.0 


30.0 


53.0 


36.0 


Blusfin tunas 


3.9 


5-0 


4.1 


4.4 


8.4 


6.4 


Atlantic bonito 


20.5 


13-5 


25.2 


20.6 


38.6 


24-6 


Naokarsls, sto. 


40.0 


33.0 


36.0 


28.0 


28.0 


30.0 


Suropsan maoksrsl 


30.8 


28.0 


27.8 


23.6 


20.6 


22.7 


Sharks, rtys, ohimasras 


11.0 


11.0 


15.0 


15.0 


23.0 


19.0 


Unsortsd snd unidantifisd 














fishss 


171.0 


174.0 


154.0 


125.0 


138.0 


151*0(a) 


Crustaosans 


31.0 


34.0 


30.0 


29.0 


29.0 


29.0 


Molluscs 


92.0 


91.0 


94.0 


86.0 


98.0 


97.0 



Nets - (a) Affgrsgatss of which nors thsn 10 was astiaatsd ty FAO 
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Appendix Table D1 - Total oatohes in the North Pacific, 1962-7 ('000 tons) 



Country 


1962 


1963 


1964 


1965 


1966 


1967 


Canada 


293.8 


318.3 


314.3 


322.0 


286.4 


160.2 


Japan 


2,550.0 


2,330.0 


2,350.0 


2,550.0 


2,550.0 


3,500.0 


Korea (South) 


140.4 


157.9 


179.0 


189.6 


202.2 


214.5 


Korea (North) 


250.0 


250.0 


250.0 


250.0 


250.0 


250.0 


USA 


320.9 


3U.8 


334.7 


350.9 


397.9 


233.2 


USSR 


1,083.9 


1,212.6 


1,438.6 


1,589-0 


1,633-7 


1,771.2 


China (Mainland) 


250.0 


250.0 


250.0 


250.0 


250.0 


250.0 


TOTAL 


4,889.0 


4,833.6 


5,116.6 


5,501.5 


5.570.2 


6,369.2 



Not* - The division of the catches of Japan between the North Paoifio and the Western Central Pacific 
has been estimated (see also Appendix Table 11) 

Appendix Table D2 - Catches of some major species from the North Paoifio ('000 tons) (a) 



Speoies 


Country 


1964 


1965 


1966 


1967 


1968 


Various flounders 


Japan (b) 


177 


126 


85 


104 


94 




USSR 


139 


100 


137 


178 


105 


Paoifio ood 


Japan 


95 


90 


86 


96 


109 




USSR 


5 


6 


6 


10 


22 


TOTAL 




110 


114 


110 


118 


142 


Alaska pollack 


Japan 


684 


691 


775 


1,247 


1,606 




Korea (Rep. of) 


21 


27 


21 


18 


29 




USSR 


214 


324 


425 


471 


567 


TOTAL to) 




1918) 


M.042) 


11,221) 


C1.735) 


12,201) 


Paoifio herring 


Canada 


229 


201 


140 


53 


3 




Japan 


57 


50 


49 


64 


68 




USSR 


460 


331 


323 


342 


445 


TOTAL 




770 


599 


522 


467 


523 


Japanese pilchard 




16 


9 


14 


17 


24 


TOTAL 




16 


9 


14 


17 


24 


Japanese anchovy 


Japan 


296 


406 


408 


365 


358 




Korea (Rep. of) 


36 


57 


66 


79 


63 


TOTAL 




342 


473 


496 


456 


430 


Rookfiahes 


Japan 


77 


108 


128 


133 


147 




USSR 


276 


392 


248 


171 


85 


TOTAL 




373 


525 


401 


323 


252 


Atka mackerel 


Japan 


205 


107 


106 


82 


82 




Korea (Rep. of) 


7 


7 


4 


4 


26 


TOTAL 




2l4 


115 


ill 


Ob 


TIJ 



Notes - () For estimated oatohes in the Northeast Paoifio, ses Appendix Tablss 
(b) Mostly yellow fin sole (Limanda aspera) 

(o) Omitting oatohes by North Korea, approximately 250,000 tons in 1964 
Brackets denote approximation 



E1-E3 



PIRS/T97 



E - NOBTHB13T PACIFIC 
APPENDIX TABLES 

335 



Appendix Table E1 - Total catches of salmon from North Pacific ('000 metric tons) 



Species 


1961 


1962 


1963 


1964 


1965 


1966 


1967 


1968 


Chinook 


17-0 


17.1 


18.1 


21.9 


21.1 


21.5 


19.8 


18.9 


Chum 


108.0 


114.3 


104.4 


119.7 


97.4 


123.0 


126.8 


137-3 


Coho 


29-7 


36.9 


40.1 


44.0 


44.6 


43.0 


31.9 


35-7 


Pink 


178.0 


164.0 


209.0 


144-0 


161.0 


175-0 


169.0 


137-0 


Sockeye 


103-6 


65-5 


47.6 


53.8 


104.2 


78.6 


49.9 


46.3 


TOTAL 


436.3 


397.8 


419.2 


383.4 


428.4 


441.1 


397-4 


375.2 



Appendix Table E2 - Demersal catches from the Northeast Pacific ('000 metric tons) 



Species 


Country/Area 


1961 


1962 


1963 


1964 


1965 


1966 


1967 


1968 


Yellowfin flounder 


Japan - 


Bering 


Sea 


457 


351 


66 


102 


43 


46 


58 






USSR 


















120 




Halibut 


Canada 






18 


21 


22 


20 


20 


20 


17 


19 




Japan 






8 


8 


7 


2 


1 










USA 






24 


24 


21 


16 


18 


18 


18 


12 


Other flounders 


Japan - 
Japan - 


Bering Sea 
Gulf of Alaska 


(a) 


(a) 


(a) 


Si) 


IS 


22 
5 


34 
6 






Canada 






3 


3 


3 


3 


3 


5 


4 


5 




USA 










23 


21 


21 


21 


21 


21 


Pacific hake 


USA 






+ 


+ 


+ 


+ 


1 


5 


13 


7 




USSR 
















128 


167 


104 


Pacific cod 


Canada 






2 


2 


3 


5 


10 


11 


6 


6 




Japan - 


Bering 


Sea 


7 


11 


16 


19 


16 


17 


31 






Japan ~ 


Gulf of Alaska + 


4- 


+ 


1 


3 






USA 






1 


1 


3 


3 


5 


4 


4 


3 


Alaska pollock 


Japan - 
Japan - 


Bering Sea 
Gulf of Alaska 


24 


62 


114 


175 
(2) 


231 
(5) 


264 
8 


546 
6 




Sable fish 


Canada 














+ 


1 


+ 


* 


(Black cod) 


Japan - 
Japan - 


Bering Sea 
Gulf of Alaska 


26 


28 


21 


7 

(1) 


3 

(2) 


6 
4 


7 
6 






USA 










3 


4 


3 


3 


3 


3 




USSR 


















1 




Pacific Ocean perch 


Canada 
Japan - 
Japan - 


Bering Sea 
Gulf of Alaska 


13 


14 


25 
(8) 


45 
(15) 


2 
46 
(40) 


3 
45 
66 


1 
25 
76 






USA 














13 


10 


7 


6 




USSR 


















174 




TOTAL, all demersal 
























species 


Canada 
Japan - 
Japan 


Bering Sea 
Gulf of Alaska 


555 


697 


260 
9 


367 
20 


37 
340 
54 


42 
433 
85 


34 
739 
107 






USA 














57 


60 


59 






USSR 


















535 




TOTAL, all countries 




















1,477 





Note - (a) Japanese statistics from INPPC 
Brackets denote approximation 
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Appendix TabU 13 - Total oatohM fro* th* Xorttoast Pacific ('000 uttrio teat) 



SptOiM 




1961 


1962 


1963 


1964 


1965 


1966 


1967 


1968 


DwMrral fish 


Total 














1,477 




Salmon 


Total (a) 


436 


398 


419 


383 


428 


441 


397 


375 


H*rrinf 


Canada 


203 


202 


260 


229 


201 


140 


53 


3 




Japan 


74 


10 


32 


43 


36 


28 


33 







USA 


25 


19 


18 


24 


16 


11 


8 


6 


King crab 


Japan (a) 


28 


34 


32 


32 


26 


31 


30 


30 




USA 


20 


24 


36 


39 


60 


72 


58 


39 




USSR (a) 


3? 


41 


42 


46 


44 


46 


42 


40 


Shriap 


Canada 


1 


1 


1 


1 


1 


1 


1 


1 




Japan 


14 


21 


32 


20 


9 


3 


3 







USA 


10 


10 


10 


7 


9 


16 


25 


24 


Molluaoi 


Canada 


4 


5 


7 


6 


6 


7 


6 


4 



lottt - (a) Total North Pacific 
No data 
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Appendix Tabla P1 - Catohas in tha EM tern Central Atlantic ty countries ('000 atrio tons) 



Country 


1958 


1961 


1962 


1963 


1964 


1965 


1966 


1967 


1968 


Cameroon 
Cape Varda Islands (a) 
China (Taiwan) 


2.8 

1.7 


3.7 
1.6 


5.3 
1.5 


6.6 
2.0 


7.0 

2-5 
0.1 


8.5 
3.5 
0.2 


9.0 
4.0 
1.5 


10.9 
5-9 
0.3 


12.6 
4.9 
6.9 


Congo (Brassavilla) 
Congo (Dam. Rep. of) 


sli 


5.6 

7.0 


8.6 
7.0 


8.5 
9.5 


9.6 
10.0 


11.0 
11.0 


'*x 
11.2 
12.0 


10.6 
12.4 


***x 
11.1 

12.4 


Dahomey 


3.0 


6.0 


6.0 


3.0 


4.0 


4.0 


3.8 


5.6 


5.6 


Iquatorial Ouinaa 


0.1 


0.5 


0.8 


1.0 


1.0 


0.6 


1.2 


<f m ** 
1.0 


* m w 
1.0 


Pranoa 


12.6 


23.6 


25-1 


33.7 


34.0 


32.3 


45*8 


43.6 


57.8 


Gabon 


... 


1.2 


... 


... 


1.0 


1.1 


2.6 


3.5 


3.5 


Gambia 










1.0 








41 


Oemany (East) 


_ 













. 


Q.2 


0^5 


o 
0.5 


Qhana tb) 


30.9 


34.5 


42.7 


56.8 


73.1 


66.5 


74-5 


103.1 


94.1 


Oraaoe 


- 


14.5 


17.0 


18.6 


21.0 


27.1 


30.1 


32.0 


27.1 


Ouinaa 










M Q 


4Q 


4Q 


A Q 


50 


Ifhi 


... 





t 


fi 


> 


y 


7 


P 


. \j 


Israal 


_ 







... 


2.0 


2.1 


1-5 


4.0 


3.1 


Italy 


5-9 


11.8 


17*.7 


22.8 


37.6 


57.8 


64.7 


69.4 


62.8 


Ivoiy Coast (o) 


40.0 


41.5 


43.0 


45.0 


50.5 


57.5 


57.6 


62.9 


65.8 


Japan (d) 


... 


28.9 


73.3 


104.5 


95.9 


159.4 


128.7 


169.5 


166.8 


Korea (Rap. of) 


- 


- 


- 


- 


... 




7.1 


11.1 


12.6 


Liberia (i)- 


1.4 


2.3 


2.6 


4.0 


7.9 


11.5 


11.8 


11.8 


12.0 


Mauritania 










14.0 


15.0 


16.0 


17.7 


18.0 


Moroooo (t) 
Nigeria (g) 


167.4 


172.3 
35-5 


165.1 
35-7 


176.5 
43.2 


1 "t* V 

189.5 
55.4 


204.8 
58.0 


292.9 
60.0 


i * 
249.2 
58.5 


207.9 
58.5 


Homey 


- 


- 


- 


- 


- 




0.5 


1.2 


0.6 


Philippinea 




















Poland 


. 


0.2 


3.3 


11.0 


14.6 


24.2 


43.6 


46.7 


33.5 


Portugal 


43.8 


52.8 


48.3 


47.6 


47.4 


45-8 


41.4 


39.8 


40.0 


Portuguasa Ouinaa 


0.5 


0.7 


0.6 


0.6 


0.8 


0.9 


0.7 


0.7 


1.3 


Romania 




- 





- 


3.0 


4.9 


7.1 


8.8 


5.5 


Sio Torn! and Prinoipa 


0.6 


0.7 


0.6 


0.5 


0.8 


0.9 


0.8 


0.9 


0.8 


Senegal 


56.9 


97.9 


103.4 


100.7 


99.8 


101.2 


116.5 


132.0 


153.5 


Sierra Laona 


17.5 


22.4 


25.5 


27.6 


29.1 


31.8 


31.4 


32.7 


22.6 


Sfiain 










155.0 


167.1 


181.4 


179.4 


178.3 


**jr^*** 

Spanish Sahara 


2.2 


5-7 


4.8 


2.0 


i^^w >r 

2.3 


4.8 


3.8 


1 1 <f * "T 

3.9 


3.9 


Togo 
USSR 


1.9 


... 


2.8 


1.7 
147.1 


3.0 
163.9 


> 5 
82.4 


4.5 
79.3 


5.0 
153.5 


5.0 
318.6 


TOTAL (h) 


390.0 


570.0 


640.0 


880.0 


1,140.0 


1,200.0 


1,340.0 


1,490.0 


1,620.0 



Hotaa - ... Vo data 

""""""""" - Information saro 

Danotaa oatohaa laaa than 100 tona 

Data rafar to quantitiaa sold through principal narfcata only 

Excluding oatohaa ty ohartarad foraign vaaaala 

Inoludaa aatiaataa for oatoh in braokiah watart (6,000 Mtrio tona in 1966 and 1967) 

and for artiaanal aarina fithariaa (10,000 aatrio ton* in 1966 and 1967) 

196>-7 1 inoludaa oatohaa in tha Southaaat Atlantic 

Inoludaa landing* ty ohartarad foraign trawlara 

Data rafar to tha Atlantic fiahariaa only, tha Naditarranaan oatoh ia axoludad 

Data inoluda quantitiaa caught ty ohartarad Japanaaa, Ruaaian and Polish fiahing craft 

Total inoludaa aatiaataa for tha oatoh data of oountriaa whera M ... N indioata that no 

official figuraa ara available to PAO. Total ia rounded to tha naaraat tan thousand 

metric tons 
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Appendix Table P2 - Catches in the Eastern Central Atlantic "by group of species and lay species 



GROUP OP SPECIES 
Species 


1958 


1962 


1963 


1964 


1965 


1966 


1967 


1968 


PLOUOTERS, HALIBUTS, SOLES, etc. 


1.0 


3-0 


5.0 


3.0 


5.0 


5.0 


4.0 


6.0 


TOTAL 


1.0 


3.0 


5.0 


3.0 


5.0 


5.0 


4.0 


6.0 


COBS, HAKES, HADDOCKS, etc. 
Hakes 


12.8 


6.9 


5.1 


8.9 


13.7 


17-0 


27.4 


19.6 


TOTAL 


13.0 


10.0 


8.0 


12.0 


16.0 


22.0 


32.0 


24.0 


REDPISHES, BASSES, CONGERS, etc. 

Croakers 
Qrunters, grunts 
Sea-basses, sea~perohes, groupers 
Sea breams, porgies 


6.8 
8.4 
7.0 
54.5 


21.4 
22.8 
10.1 
133-9 


16.1 
13.8 
9.9 
123.4 


14-2 
8.6 
8.2 
136.3 


19.0 
19-9 
10.7 
89.3 


21.5 
17.1 
11.2 
80.6 


11.7 
8.7 
8.7 
88.4 


17.6 
8.1 
8.9 
91.0 


TOTAL 


92.0 


246.0 


219.0 


216.0 


189.0 


174-0 


173.0 


195-0 


JACKS, MULLETS, etc. 

Horse mackerels, jack mackerels, 
mackerel scad 


3.1 


39-9 


47.9 


53.6 


47.3 


35-2 


92.1 


156.0 


TOTAL 


15.0 


56.0 


64.0 


75-0 


71.0 


75-0 


118.0 


198.0 


HERRINGS, SARDINES, ANCHOVIES, etc. 

Bonga 
European pilchard ( sardine) 
Round and flat sardinellas 


9.0 
124.1 
64.1 


13.5 
130.6 
73.2 


15.0 
131.6 
79.3 


16.5 
147.0 
120.7 


19.0 
160.0 
90.0 


23.0 
266.2 
87.0 


24.0 
232.7 
138.1 


16.0 
200.6 
124-5 


TOTAL 


198.0 


219.0 


226.0 


285.0 


280.0 


377.0 


396.0 


342.0 


TUNAS, BOKITOS, SKIPJACKS 


66.0 


77.0 


98.0 


99.0 


106.0 


105.0 


118.0 


163.0 


TOTAL 


66.0 


77.0 


98.0 


99-0 


106.0 


105.0 


118.0 


163.0 


MACKEHELSt BILLFISHES, CUTLASS- 
PISHES, etc. 


11.0 


59.0 


50.0 


77.0 


42.0 


41.0 


79.0 


136.0 


TOTAL 


11.0 


59.0 


50.0 


77.0 


42.0 


41.0 


79.0 


136.0 


SHARKS, RAYS, CHIMERAS 


3.0 


4.0 


8.0 


10.0 


13.0 


14.0 


7.0 


10.0 


TOTAL 


3.0 


4.0 


8.0 


10.0 


13.0 


14*0 


7.0 


10.0 


UNSOHTED & UNIDENTIFIED PISHES 








307.0 


343.0 


409.0 


400.0 


379.0 


TOTAL 








307.0 


343.0 


409.0 


400.0 


379.0 


CRUSTACEANS 


4.0 


6.0 


5.0 


5.0 


6.0 


5-0 


6.0 


6.0 


TOTAL 


4.0 


6.0 


5.0 


5.0 


6.0 


5-0 


6.0 


6.0 


MOLLUSCS 

Squids 
Cuttlefishes 
Octopuses 


0.1 
11.5 
0.9 


0.2 
13.8 
1.0 


0.3 
24.9 
1.9 


6.8 
25.8 
18.9 


13.9 
40.1 
69.2 


11.8 
37.2 
61.7 


14.3 
42.9 
96.4 


13.7 
40.5 
96.7 


TOTAL 


13.0 


15.0 


28.0 


53.0 


133.0 


124*0 


165.0 


159.0 
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Appendix Table 01 - Total landings from the Western Central Atlantic ty countries ('000 tons, live 
weight) 



Country 


1958 


1961 


1962 


1963 


1964 


1965 


1966 


1967 


1968 


Barbados 


4-5 


4.6 


4.7 


2.8 


2.1 


2.6 


4.8 


4.6 


3.5 


Colombia 


(6.0) 


22.3 


23.1 


19.5 


22.6 


24.5 


28.8 


45.9 


60.1 


Cuba 


21.9 


30.5 


35.0 


35-6 


36.3 


40.4 


43.2 


63.3 


63.5 


Guyana 


3.5 


7.4 


7.9 


9.2 


10.4 


12.0 


12.3 


13.9 


16.0 


Jamaica 


7.8 


11.5 


11.9 


13.9 


16.0 


16.6 


16.9 


17.2 


. 


Japan (tuna) 


t 


1.4 


16.9 


30.9 


35.4 


29.5 


20.2 


6.5 





Mexico 


(45.0) 


(60.0) 


(60.0) 


64.1 


72.5 


82.0 


(80.0) 


87.1 


98.9 


Trinidad and 
Tobago 


4.2 


7.7 


7.5 


7.7 


9.7 


10.5 


9.1 


12.4 


12.8 


USSR (a) 


- 


* 





* 


39-9 


50.5 


37.4 


23.9 


6.8 


USA (a) (b) 


(330.1) 


(795-9) 


(778.9) 


1,645.7 


1,604.0 


1,730.6 


865.1 


868.3 


. 


Venezuela 


68.1 


70.5 


81.5 


84.1 


91.2 


102.7 


98.4 


912.4 


103.7 


Others 


42.0 


31.0 


26.0 


37.0 


41.0 


44.0 


49.0 


44.0 




TOTAL* 


735-0 


1,045-0 


1,055.0 


1,950.0 


1,980.0 


2,145-0 


1,265.0 


2,100.0 


365.0 



Notes - (a) Live weight 

(b) Up to 1962, molluscs without shells 
No data 

- Information aero 

* Total is rounded to the nearest five thousand tons 
Brackets denote approximation 
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Appendix Table 02 - Catena* \y major *peoies groups from the Western Central Atlantic ('000 ton*, 
livt wight) 



Species/Species group 


1958 


1961 


1962 


1963 


1964 


1965 


1966 1967 


1968 


Anadromoua 


















Alewife 


6.8 


5-5 


6.9 


7.2 


3.6 


7.3 






Redfi*he* 9 baaeee, oong*r* f eto. 


















Croaker* (Soiaenidae) 


18.2 


18.0 


16.9 


17.9 


18.0 


20.1 






USA 


15-3 


11.7 


10.8 


10.5 


10.7 


10.6 






Grunts (Pomadasyidae) 


3.4 


4.3 


6.0 


6.7 


6.6 


5.8 


23.4 




Catfish (Ariidae) 


1.6 


2.0 


5.3 


4.9 


5.4 


6.0 


(6.5) 




Rearrbessee ( Rerranailaa) 




(19.0) i 


' 19.0) 


18.1 


19.5 


21.7 






MVWWWMVVV \M**PII 1T1T/ 

Snapper* (Lutjanidao) 




\ I^.VJ 

(17.0) i 


i "* v / 
18.0) 


17.2 


18.2 


fc 1 . f 

16.7 






Variou* demer*al porooids 


7.0 


( 10.0) i 


[12.0) 


12.1 


26.7 


27.7 


(27.0) 




Jack, mullet* 


















Mullet* 


(27.0) 


(28.0) 


28.0 


29.3 


28.0 


28.3 






Variou* oarrangid* 


9.3 


7.5 


9.3 


9.1 


9.7 


9.9 






Herring*! *ardine* t anchovies 


















Menhaden 


311.6 


578.3 ! 


550.6 


536.9 


496.4 


551.2 


457.2 405.0 


459.5 


Various olupeoids 


33.9 


36.2 


42.8 


43.8 


48.9 


55.7 


53.3 




Tunas 


















Tellowfin 




(17.0) I 


[17.6) 


(24.8) 


12.9 


8.5 


13.1 7.3 


4.9 


Various 


6.6 


12.3 


9.2 


8.3 


7.8 


8.3 


7.3 7.8 


7.0 


Mackerels, bill fish as 


















King mackerels 


(13.0) 


(13.0) I 


[ 14.0) 


14.1 


13.4 


15.6 






Others 


1.0 


1.0 


1.1 


1.3 


1.7 


2.2 


2.1 




Sharks and rays 


2.4 


2.5 


4.9 


5.4 


5.7 


5-8 


5.9 




Unsorted fish 


















Crustaoean* 


















Blue crab 


26.4 


34.6 


29.5 


35-3 


35.2 


36.9 


26.9 25.5 


19.6 


Prawn* and shrimps 








126.4 


122.3 


135.6 






USA 


86.9 


69.6 


76.1 


99.2 


89.1 


100.4 


92.8 114.9 


108.6 


Mexico 


... 


... 


... 


17.8 


20.2 


20.3 


21.8 


23.1 


Guyana 


... 


1.8 


2.3 


2.8 


3.2 


3.7 


4.3 4.1 


4.2 


Venesuela 


1.1 


2.5 


3.8 


3.9 


4.3 


7.5 


3.4 5.1 


4.6 


Spiny lobsters 


... 


9.6 


9.0 


9.3 


8.6 


13.1 


( 13.0) 




Variou* 


1.6 


1.7 


1.7 


3.3 


(5-5) 


(5.5) 


(6.0) 




Mollusos 


















Cephalopoda 


... 


... 


... 


1.4 


1.2 


1.1 


... 





Note* - ... No data 

Brackets denote approximation 
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Appendix Table H1 - Catches from the Indian Ocean ('000 metric ton*) 



Country 


1961 


1962 


1963 


1964 


1965 


1966 


1967 


1968 


South Africa (a) 


3 


3 


3 


3 


3 


3 


3 


3 


Mozambique 


3 


3 


4 


4 


4 


5 


5 






4 














47 


Tansania 


16 


17 


19 


20 


22 


29 


29 


M 
22 


Kenya 


5 


5 


5 


5 


6 


7 


6 


6 


Somalia 


4 


4 


4 












Ethiopia 


17 


14 


9 


"12 


*15 


"*13 


11 





(JAR 





25 


24 


18 


15 










Saudi Arabia 


16 


18 


20 


20 


19 


*20 


22 


28 


Southern Yemen 


47 


54 


55 


52 


52 


50 


40 


46 


Muscat, Oman (a) 


100 


100 


100 


100 


100 


100 


100 


100 


Iran 





... 


* 


... 


... 


17 


17 





Pakistan (West) 


67 


73 


76 


88 


98 


131 


129 


130 


India (West ooast) 


521 


487 


492 


672 


649 


682 


654 


671 


Maldives 


... 


... 


12 


12 


20 


22 


25 


24 


Ceylon 


71 


79 


88 


96 


87 


97 


106 


135 


India (East ooast) 


163 


157 


164 


188 


175 


208 


209 


233 


Pakistan (East) 


36 


35 


42 


46 


44 


44 


51 


52 


Thailand 


23 


27 


32 


22 


16 


30 


114 


162 


Indonesia 


105 


109 


112 


118 


133 


144 


136 


145 


Australia 


13 


14 


14 


14 


13 


16 


18 


19 


Japan 


5 


127 


100 


81 


91 


87 


131 





China (Taiwan) 


8 


8 


9 


9 


7 


4 


14 


37 


Korea 





- 


- 


- 





1 


4 


12 


USSR 


- 


... 


2 


5 


36 


76 


38 


10 


TOTAL (b) 


1530 


1,660 


1,680 


1,910 


1*950 


2,140 







Hotes - (a) Estimates 
(b) Inoludes o 



Inoludes oatohes ty countries not listed separately 
No data 
- Information aero 

Appendix Table E2 - Catches of major species and species groups from the Indian Ocean ('000 metric tons) 



Speoies 


1962 


1963 


1964 


1965 


1966 


1967 


1968 


Salmonids 


1 


6 


7 


6 


6 


3 


3 


Milkfishes, etc. 


15 


15 


17 


18 


19 


16 


13 


Flatfish 


18 


10 


7 


11 


9 


8 


12 


Gadoids 


3 


7 


5 


7 


5 


4 


3 


Basses | croakers, etc. 
Bombay Duck (India) 
Jacks, mullets, etc* 


257 
84 
50 


257 
92 
54 


266 
81 
64 


270 
74 
50 


322 

77 
69 


75 


82 


Sardines, anchovies 
Oil sardine (India) 
" (Pakistan) 


271 
110 
5 


215 
64 
6 


452 
274 
7 


439 
262 
8 


428 
253 

9 


259 
10 


301 
10 


Tunas 


144 


142 


115 ' 


138 


133 






Mackerels 
Rastrelliger (India) 


81 
29 


126 
77 


84 
24 


120 
43 


116 
32 


29 


21 


(Thailand) 
Elasmobranohs 
Unsorted and unidentified fish 
Crustaceans 
Shrimps (India) 
(Pakistan) 


80 
616 
120 
83 
14 


86 
638 
121 
82 
14 


82 
662 
146 
95 
21 


82 
683 
125 
77 
22 


93 
795 
144 
91 
22 


92 
25 


100 
23 


Molluscs 


1 


1 


3 


2 


3 
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Apptadix Tablt 11 - Catohas from tha Wtsttrn Central Pacific ( V 000 tons) 



Country 


1962 


1963 


1964 


1965 


1966 


1967 


1968 


Japan (a) 


3,719 


3,690 


3,274 


3,567 


3,795 


3,476 





Republic of Korta 


328 


368 


418 


442 


478 


500 


558 


North KOFM (b) 


(550) 


(550) 


(550) 


(550) 


(550) 


(550) 


(550) 


Ryukyu 


15 


17 


22 


24 


25 


29 


35 


China (Mainland) (b) 


(2,750) 


(2,750) 


(2,750) 


(2,750) 


(2,750) 


(2,750) 


(2,750) 


China (Taiwan) 


282 


305 


324 


326 


368 


384 


4U 


Honf Kong 


59 


61 


54 


55 


53 


58 


71 


Viotnan (forth) (b) 


222 


214 


(215) 


(215) 


(215) 


(215) 


(215) 


Vittnaa (South) 


200 


329 


345 


318 


316 


351 


359 


Cambodia 


31 


36 


39 


43 


39 


35 


46 


Thailand 


249 


303 


472 


513 


391 


648 


842 


Malaysia 


328 


368 


418 


442 


477 


500 


558 


Singapore 


11 


12 


10 


11 


18 


18 


17 


PhilippinM 


429 


486 


543 


605 


645 


688 


791 


Brunti 


2 


4 


3 


4 


3 


1 


2 


Indoatiia 


436 


447 


472 


532 


576 


542 


581 


Nmr Quina 


7 


10 


10 


13 


13 


13 


14 


USSR 


- 


- 


- 


- 


- 


- 


53 



Notss - (a) Tha division of th* oatohas of Japan bttwttn tht North Paoifio and tht Wottarn Central 
Paoifio has boon tioatad ( alao Appandiz Tabla D1) 

(b) Catohaa of North Koraa and Mainland China ara vaiy rough tinatai 

No data 

Braokats dtnott tatiaation 

Tha praciia figurai of tha oatohai of acvaral othar oountriat should ba trtattd with sona 
caution ( ttrt) 
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Appendix Table J1 - Total fiah catenae fjrom tha Eastern Central Pacific ('000 metric tcna) 





1962 


1963 


1964 


1965 


1966 


1967 


1968 


A. Commercial landing! 
















USA 


235 


232 


226 


209 


204 


225 





Mexico 


153 


174 


172 


170 


199 


253 


257 


Guatemala 


1 


2 


2 


2 


3 


2 


1 


El Salvador 


7 


7 


7 


7 


9 


8 


11 


Nicaragua 


i 


t 


t 


t 


1 


1 


1 


Coata Rica 


1 


\ 


2 


3 


3 


3 


5 


Panama 


14 


13 


26 


39 


72 


72 


72 


Colombia 


3 


3 


2 


3 


3 


23 


25 


Ecuador 


43 


50 


46 


53 


48 


50 


47 


USSR 























TOTAL 


457 


482 


483 


466 


542 


637 




B. Shrimp ty-oatoh 
















Mexico 


250-500 


270-540 


245-490 


195-390 


200-400 


240-480 




El Salvador 


30-60 


30-60 


30-60 


25-50 


35-70 


25-50 




Panama 


25-50 


25-50 


35-70 


30-60 


30-60 


30-60 




Othera 


45-90 


50-100 


50-100 


55-110 


50-100 


60-120 




C Sports fishermen 
















USA 








50 








TOTAL f all oatohea 


807-1,157 


858-1,233 


844-1.204 


789-1,094 


862-1,177 


1,061-1,416 





Notes-... No data 

$ Denotes catches less than 100 tone 
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Appendix Tablt J2 - Catohes of major species from Eastern Central Pacific ('000 tons) 



Species group 


Country 


1962 


1963 


1964 


1965 


1966 


1967 


1968 


Flounders 


USA 


7 


10 


9 


10 


10 


5() 




Hake 


USSR 












35 




Rook fishes 


USSR 












17 






USA (commercial) 


4 


5 


4 


4 


5 


5 




Various demersal fiih 


USA 


1 


1 


2 


2 


2 


2(s) 






USSR 












10 




Jack mackerel 


USA(b) 


41 


44 


41 


30 


19 


17 




North Pacific anchovy 


USA(b) 


1 


2 


2 


3 


28 


32 






Mexioo(a) 


1 


2 


5 


9 


14 


22 




California sardine 


USA 


7 


3 


6 


1 


+ 


* 






Msxioo(o) 


15 


19 


19 


20 


19 


29 




Various olupeoids 


Panama 


9 


7 


18 


33 


66 


65 


65 


Tuna (all Paoifio landings) 


Nazi oo 


4 


4 


4 


4 


5 


9 






Ecuador 


11 


13 


10 


15 


12 


20 






USA - yellowfin 


56 


50 


68 


72 


60 


64 






USA - skipjack 


46 


48 


34 


46 


27 


54 






USA - others 


36 


44 


34 


27 


42 


38 




Mackerel 


USA 


22 


18 


12 


3 


2 


1() 




Squid 


USA 


4 


5 


7 


8 


9 


9() 




Shrimp 


Mexico 


50 


54 


49 


39 


40 


48 






El Salvador 


6 


6 


6 


5 


7 


6 


4 




Panama 


6 


6 


7 


6 


6 


6 


6 


Molluscs 


Mexico 


10 


11 


10 


12 


11 


11 




TOTAL, spsoifisd fisheries 




337 


352 


347 


345 


384 


505 




TOTAL, all landings (d) 




457 


483 


484 


484 


547 


706 





ffotss - (a) All anchovies 

(b) All US Paoifio ooast 

(o) Includes various olupsoids 

(d) Excluding shrimp by-catch 

(e) Preliminary 
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Appendix Table K1 - Catohes from the Southwest Pacific, 1962*8 ('000 tons) 



Count iy 


1962 


1963 


1964 


1965 


1966 


1967 


1968 


Australia 


52 


56 


62 


66 


72 


74 


82 


Haw Zealand 


41 


41 


44 


48 


56 


60 


60 


French Polynesia 


4 


5 


4 


5 


(5) 


(5) 


(5) 


Now Hebrides 


4 


3 


3 


3 


4 


4 


4 


Papua 


(3) 


(5) 


(5) 


(7) 


(7) 


(7) 


(7) 


Japan (tuna) 


75 


85 


63 


56 


69 


86 





(trawl) 


3 


3 


2 


4 


3 


1 





(bottom longlins) 





i 





6 











China (Taiwan) (tuna) 


- 


- 


1 


5 


7 


11 


12 


Korea (tuna) 


1 


2 


2 


8 


18 


20 


19 



Notes - ... No data 

Denotes oatohes less than 100 tons 
Brackets denote approximation 



Appendix Table K2 - Catohes of major species ty Australia and New Zealand from the Southwest Pacific 

('000 tons) 



Country 


Speoies 


1963 


1964 


1965 


1966 


1967 


1968 


Australia () 


Flatheads 


3.1 


2.8 


3.1 


2.6 


2.7 


2.4 




Moruonf 


2.2 


2.0 


1.5 


1.4 


1.7 


1.4 




Whitings (sillago) 
Australian saloon 


1.7 
3.0 


1.6 
4.4 


1.7 
3.2 


1.6 
4.1 


1.6 
5.3 


1.7 
5*4 




Mullets 


6.2 


5.7 


5.5 


6.4 


5-7 


5.3 




Barraoouta (snort) 


1.6 


1.4 


2.2 


2.8 


1.7 


3.2 




Tunas 


5.0 


8.1 


7.2 


8.1 


5.6 


6.8 




Prams 


5-7 


6.1 


5.5 


5.7 


6.2 


9.1 




Rook lobsters 


14.3 


12.5 


12.0 


13.6 


14.4 


15-1 




Abalon. 




0.1 


0.4 


1.4 


4.9 


8.5 




Oysters 


5-9 


5.8 


6.6 


6.8 


7.3 


7.6 




Scallops 


2.9 


7.0 


11.2 


13.4 


13*6 


13.7 


TOTAL 




70.8 


76.6 


79.4 


88.7 


92.0 


102.7 


I.w Z.sland 


Snapper 


8.4 


8.2 


8.6 


10.4 


10.5 






Tarakihi 


5.7 


5.9 


6.0 


6.2 


6.3 






Trovally 
Rook lobsters 


2.4 
4.5 


2.4 
4.6 


2.6 

5.0 


3.1 
6.6 


3.1 
8.1 






Oysters, dredged 


5.9 


7.5 


9.7 


12.7 


13.1 




TOTAL 




40.8 


44.2 , 


48.4 


55.7 


59.6 





Nott _ ( a ) Australian figures include oatohes Jay all waters and not only from the Southwest Pacific 
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Appendix Table L1 - Catches by countries in the Southeast Pacific (including crustaceans and 
molluscs) ('000 tons) (a) 





1958 


1963 


1964 


1965 


1966 


1967 


1968 


Peru 


961 


6,899 


9,116 


7,462 


8,789 


10,134 


10,520 


Chile 


226 


762 


1,161 


709 


1,384 


1,053 


1,376 


TOTAL 


1,18? 


7,661 


10,277 


8,171 


10,173 


11,187 


11,896 



Notes - (a) Excludes small quantities of tuna taken offshore by long- range vessles 



Appendix Table L2 - Catches of major species in the Southeast Pacific 



Speoies 


Country 


1958 


1963 


1964 


1965 


1966 


1967 


1968 


Apchoveta 


Chile 
Peru 


40 
737 


539 
6,635 


934 
8,863 


438 
7,242 


1,091 
8,530 


705 
9,825 


1,009 
10,263 


Hake 


Chile 
Peru 


75 


102 


73 


106 


94 


80 
20 


128 
18 


Bonito 


Chile 
Peru 


4 
66 


2 

91 


6 
81 


11 
62 


13 
71 


9 
64 


4 
54 


Shrimp 


Chile 


1 


4 


6 


6 


11 


10 


10 


Squat lototere (langostina) 


Chile 


13 


9 


11 


15 


13 


20 


18 


MUSMll 


Chile 


21 


21 


24 


20 


23 


30 


23 
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Appendix Table N1 - Total catches of marina animals from tha Southwest Atlantic ( ! 000 tona) 



Country 


1961 


1962 


1963 


1964 


1965 


1966 


1967 


1968 


Argentina 


88 


91 


118 


154 


192 


241 


223 


212 


Braail 


215 


313 


333 


238 


278 


306 


328 


344 


Uruguay 


9 


3 


8 


12 


16 


12 


11 


12 


China (Taiwan) (a) 


- 


- 


- 


- 


- 


- 


- 


1 


Cuba 








- 


- 


- 


+ 


2 


2 


Japan (a) 








22 


21 


32 


14 


14 


10 


USSR 


- 


- 


- 


- 


- 


73 


678 


190 


Germany (Fed. Rep of) 


- 


- 


- 


- 


- 


- 


2 


- 


Germany (East) 


- 


- 


- 


- 


- 


+ 


+ 


1 


TOTAL 


318 


414 


481 


425 


518 


646 


1,263 


771 



Hotel - (a) Mainly tuna 
Ho data 
- Information zero 



Appendix f dtt. 2 - C.tohe. of major .peoi.. d .pad., group, I*, tto South*..! ltio 



Snuoiftft 


Country 


1961 


1962 


1963 


1964 


1965 


1966 


1967 


1900 


MyVwA W 

Hake 


Argentina 
Brazil 


34 
3 


38 

19 


52 

11 


71 

19 
6 


77 
18 
8 


68 
18 
4 


76 
6 
3 


72 




Uruguay 


2 










56 


513 


ioo 




USSR 








3 


8 


12 


21 


15 


Croakera 


Argentina 
Brazil 


3 

47 


41 


37 


31 


37 


42 


48 














7 


30 


68 


34 


4 


Hawkfiah 
Mullets 
Round aardinella 
Anobovy 


Argentina 
Brazil 
Brazil 

Argentina 
Brazil 


13 
35 
11 
7 


16 

55 
8 
4 


. 

18 
82 

12 
4 


i 

17 
48 

17 
4 


J** 

21 
69 

17 
5 


20 
78 

11 
2 


23 
88 

13 
3 


32 




Mackerel 
Shrimps 
Mussels 


Argentina 
Brazil 
Cbile 


10 

25 
16 


8 
25 
19 


12 
28 
21 


10 
28 
24 


10 

39 
20 


16 
35 
23 


11 
35 
30 


16 
23 



Hote - 



data 
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Appendix TabU H1 - Summary of catches from tbt major fisheries in the Southeast Atlantic ('000 tons) 



Species 


Country 


1959 


1960 


1961 


1962 


1963 


1964 


1965 


1966 


1967 


1968 


Haks 


Japan 











_ 


6 


19 


32 


44 


84 







South Africa 


104 


115 


95 


94 


91 


92 


87 


109 


112 


119 




Spain 








4 


18 


46 


118 


156 


185 


171 




USSR 












2 


82 


135 


104 


332 


TOTAL (o) 




105 


116 


96 


99 


116 


160 


324 


462 


499 


711 


Sea breams 


Japtn(a) 








10 


18 


27 


8 


13 


9 





Pilchard 


South Africa 


260 


318 


402 


411 


401 


256 


204 


114 


299 


675 




Southwest Afrioa(b) 


271 


283 


342 


295 


547 


656 


666 


635 


707 


808 




USSR 


- 


. 


4 


6 


25 


79 


111 


52 


42 


10 




Angola 


43 


59 


56 


77 


76 


108 


57 


70 


56 


94 


TOTAL (o) 




574 


660 


604 


889 


1,049 


1,101 


1,041 


875 


1,106 


1,588 


Anohovy 


South Africa 


- 


- 


- 


- 


23 


95 


209 


157 


276 


170 


Maasbenknr 


South Africa 


21 


69 


45 


72 


26 


27 


61 


30 


12 


5 




Angola 






103 


88 


75 


157 


131 


185 


168 


137 




Japan 








t 


2 


7 


5 


2 


3 





Mackerel 


South Africa 


33 


29 


52 


21 


13 


52 


40 


56 


139 


90 


Rook Lobstsr 


South Africa 


9 


9 


9 


9 


8 


8 


8 


8 


8 


7 




Southwest Africa 


5 


4 


6 


7 


6 


8 


8 


9 


6 


9 



Notes - (a) Includes trawl catches from the area between Equator end 6S 

(b) Includes catches ty South African factory vessels off Southwest Africa 

(o) Includes catches by countries not listed 

jjf Denotes catches less than 100 tons 

... No data 

- Information sero 

Appendix Table K2 - Catches in the Southeast Atlantic ty countries ('000 metric tons) 



Country 


1958 


1961 


1962 


1963 


1964 


1965 


1966 


1967 


1968 


Angola 
China (Taiwan) 
Germany (East) 
Germany (Fed. Rep. of) 
Israel 


278.2 


241.5 


269.3 
0.3 


239.7 
0.5 


355.8 
0.5 


256.7 

... 

. 
. 

1.7 


327.5 
0.4 
1.4 
11.3 
8.1 


292.1 
3.9 

... 

12.9 
3.9 


293.4 
11.3 



3.6 

7.4 


Italy 




















Japan (trawl) 
Korea (Rep. of) 


- 


- 


11.1 


27.9 


55.6 


54.2 


72.9 


117.2 


... 


Poland 




















Romania 




















South Africa 
Southwest Africa 
Spain 
USSR 


415.5 
236.9 

... 


654-5 
352-9 

... 


653.0 
405.1 
6.2 

... 


610.5 
556.9 
23.9 
49.5 


582.9 
669.0 
52.7 
166.8 


660.6 
678.5 
132.9 
360.7 


529.0 
650.0 
195-1 
361.1 


902.4 
740.2 
231.2 

251.1 


1,130.2 
982.7 
243.7 
484.5 



Notes - .. 



No data 

* Information sero 
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Appendix Tabls P1 - World oatohss pf whales from Oceanic Resources (numbers of animals) 



Speoies Country 


1935 1950 1955 


1960 


1965 


1966 


1967 


1968 


Blue Antarctic 


16,500 6,163 2,163 


112 


20 


1 


4 


- 


TOTAL 


2,495 


1,465 


613 


243 


70 


- 


Fin Antarctic 


12,500 18,061 25,878 


26,415 


7,308 


2,318 


2,893 


2,155 


TOTAL 


32,185 


30,985 


12,317 


6,882 


6,342 


5,268 


Ssi Antarctic 


266 101 146 


3,234 


19,874 


17,583 


12,368 


10,357 


TOTAL 


1,940 


7,035 


25,453 


23,067 


18,990 


16,690 


Humpback Antarctic 


1,965 2,117 493 


1,338 


- 


1 


- 


- 


TOTAL 


2,713 


3,576 


452 


59 


4 


2 


Sperm 


15t593 


20,344 


25,548 


27,378 


25,921 


24,073 


TOTAL 


15,593 


20,344 


25,548 


27,378 


25,921 


24,073 


Minks Norway 


4,328 


3,429 


2,467 


2,153 


2,175 




TOTAL 


4,768 


3,944 


2,917 


2,932 


3,033 




Bottlenoee Norway 


124 


193 


692 


340 


264 




TOTAL 


124 


211 


700 


341 


271 




Pilot whale* Paroes 
Newfoundland 


6,612 


1,680 
1,957 


1,599 
1,520 


1,488 
887 


1,979 
739 




TOTAL 




4,136 


3,633 


2,915 


3,072 




Killer whales 


123 


230 


275 


311 


H3 




TOTAL 


123 


230 


275 


311 


143 




White whales 


581 


385 


1,120 


1,022 


960 




TOTAL 


581 


385 


1,120 


1,022 


960 




Varioui snail whales 


301 


365 


1,787 


435 






TOTAL 


301 


365 


1,787 


435 







yotss - Sourest International Whaling Commission statistics 
Por ths Antarctic, the year 1967 catches in the 



season 1966/7, sto. 



Information ssro 
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Appendix Tbl. P2 - World otch. of tun* from Oo.wio RMOUFOM ('000 tons) 



Speoio 


Country 


1958 


1963 


1964 


1965 


1966 


1967 


1968 


Albaoore 


Prance 
Japan 
Spain 

USA 


21 
63 
29 

17 


17 
116 
28 
28 


21 
117 
17 
22 


17 
127 
29 
17 


14 
106 
26 
17 


17 
98 
32 
22 


15 
70 
24 
25 


TOTAL 




144 


206 


194 


214 


190 


210 


192 


Biw* 


Japan 


73 


130 


112 


110 


106 


106 


96 


TOTAL 




77 


134 


117 


115 


112 


115 


114 


Bluefin 


Japan 


21 


63 


61 


56 


45 


55 


57 


TOTAL 




52 


118 


114 


101 


99 


101 


101 


lellowfin 


Franca 
Japan 
USA 


12 
112 
57 


27 

131 
50 


26 

124 
68 


24 
124 
72 


33 

128 
60 


31 
94 
64 


49 
116 
70 


TOTAL 




200 


247 


252 


246 


258 


230 


302 


Billfiihee 


Japan 


45 


63 


66 


70 


60 


55 


51 


TOTAL 




54 


75 


78 


81 


72 


69 


69 


Swordfiih 




21 


32 


34 


32 


33 


33 


33 


TOTAL 




21 


32 


34 


32 


33 


33 


33 


Skipjack 


Ecuador 
Japan 
Para 
USA 


12 
147 
13 
59 


14 
113 
17 
49 


10 
167 
7 
35 


14 
136 
8 
46 


11 
229 
6 
27 


17 
182 
14 
54 


14 
169 
6 
31 


TOTAL 




241 


205 


230 


215 


288 


288 


253 


Bonito 


Para 
Turkey 


66 

19 


91 
19 


81 
11 


62 

21 


71 
16 


64 
34 


54 
21 


TOTAL 




132 


145 


139 


133 


158 


131 


124 


Frigate mackerel 


Japan 


23 


48 


27 


31 


30 


29 


23 


TOTAL 




36 


57 


35 


40 


37 


39 


31 


Little tuna 




4 


4 


2 


4 


3 


4 


3 


TOTAL 




4 


4 


2 


4 


3 


4 


3 


Varioui 


Ceylon 
China (Taiwan) 
Japan 
Korea 
Spain 


10 




* 
+ 


32 
15 
14 
3 
7 


23 

18 
14 
3 
11 


26 

13 
13 
9 
16 


30 
16 
13 
26 
32 


43 
22 
15 
38 
23 


56 
22 
14 
44 
32 


TOTAL 




70 


135 


138 


150 


206 


244 


285 


TOTAL (all epeciee 
including bill- 
fiihes and ivord- 
fiihee) 




1,061 


1,358 


1,333 


1,331 


1,456 


1,464 


1,507 



Note - ... No data 
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Appendix Table Q1 - Landing* of molluscs (excluding oephalopods) ty species group* ('000 tons) 





1958 


1961 


1962 


1963 


1964 


1965 


1966 


1967 


1968 


Gastropods 




















Northeast Atlantic 




















Ireland 


1.9 


2.1 


2.1 


1.8 


1.7 


1.7 


2.3 


2.0 


2.3 


N. Ireland 


I 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


0.3 


0.2 


Scotland 


0.9 


0.9 


0.8 


0.9 


1.0 


1.0 


1.2 


1.0 


1.0 


England 


2.1 


1.9 


2.0 


2.0 


2.1 


2.2 


2.4 


2.4 


2.4 


~ Netherlands 


0.3 


0.4 


0.3 


0.2 


0.3 


0.3 


0.2 


0.2 


0.1 


Belgium 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


0.2 


0.3 


0.3 


Spain (a) 


0.1 


0.1 


0.3 


0.3 


0.4 


0.4 


0.3 


0.3 


0.3 


Northwest and Western 




















Central Atlantic 




















USA 


1.3 


0.9 


1.1 


1.7 


1.1 


1.0 


1.9 


1.3 


1.1 


Canada 


- 


- 


- 


- 





1.0 


P 






Southeast and Eastern 




















Central Atlantic 




















S. Africa 


0.5 


1.4 


1.7 


1.7 


1.7 


1.7 


0.7 


0.7 


0.6 


Southwest Atlantic 




















Argentina 


t 


t 


t 


t 


t 





t 


* 


t 


Northeast Pacific 




















Canada 
USA 
Mexico (a) 


t 
1.9 
17.2 


t 
2.1 

6.4 


1.9 
7.1 


* 
2.0 

8.3 


0.1 
1.8 
7.6 


t 
2.0 
7.8 


2.2 
6.7 


/ 

2.0 

6.4 


t 
2.0 
8.2 


West Pacific 




















Japan 
Korea (Aquioulture) 
Korea (Marine fisheries) 


10.0 
l!l 


j 


9.5 
1.5 


9 1 
1 J 


11.8 
0.6 


11.2 


12.5 


13.2 


14.0 


China (Taiwan) 
Malaysia (a) 


t 


1.1 


0.9 


f> 
1.3 


1.2 


1.0 


0.5 


0.4 


0.5 


Southeast Pacific 




















Peru 
Chile 


4.9 


0.2 
2.3 


t 

3.0 


0.2 
4.5 


0.2 
4.4 


0.2 
3.6 


0.1 
3.4 


0.3 
4.1 


0.1 
4.6 


Southwest Pacific 




























_ 


0.1 


0.4 


1.4 


4.9 


8.5 


Australia 




















Scallops 




















Northeast Atlantic 




















Ireland 


0.1 


0.1 


0.2 
0. 1 


0.1 
0.2 


0.1 
0.4 


0.1 
0.2 


0.1 
0.1 


0.1 


0.1 


N. Ireland 
Scotland 
England 
France (a) 
Spain (a) 


o!l 

3.6 

0.1 


0.2 

6.2 
0.2 


0.3 
0.1 
6.9 
0.2 


0.6 
0.1 
7.1 
0.2 


0.5 
. 0.1 
8.2 
0.2 


0.4 
0.1 

7.5 
0.6 


0.6 
0.1 
6.9 
0.7 


1.0 
0.1 
7.4 
0.2 


2.7 
0.2 
8.4 
0.2 


Northwest Atlantic 

Canada 
USA 


12.0 
79-5 


38.4 
109.6 


48.8 
103.9 


58.9 
80.5 


60.6 
70.4 


71.6 
89.8 


66.3 
80.4 


48.4 
54-9 


56.8 
60.0 


Southwest Atlantic 
Argentina 








0.1 


0.6 


0.8 


0.4 


0.2 


0.6 


1.1 


-_-__-_-- 


i 
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W8 


1961 


1962 


1963 


1964 


1965 


1966 


1967 


1968 


West Pacific 




















Japan 


19.6 


10.7 


10.1 


9.0 


6.9 


5*7 


7-4 


6.8 


5.0 


China (Taiwan) 


0.1 


t 


0.1 


ft 


^ 


ft 


ft 


/ 


ft 


Southwest Pacific 




















Australia 


1.9 


3.1 


2.3 


2.9 


7.0 


11.2 


13.4 


13.6 


13.7 


Clams 




















Northeast Atlantic 




















Scotland 


_ 


, 


ft 


0.1 


0.2 


ft 


. 


t 


. 


England 
Netherlands 


5-5 
0.6 


8.3 
0.1 


9.5 
7.1 


6.4 
2.4 


5.4 
6.4 


7.1 
8.4 


9.5 
11.4 


15.5 
1.9 


13.3 
0.3 


Spain (a) 


9.6 


12.0 


19.9 


18.3 


25.6 


30.0 


29.8 


41.1 


44.4 


Portugal 


1.9 


1.1 


1.4 


1.2 


2.1 


1.7 


1.5 


1.1 


... 


Northwest and Western 




















Central Atlantic 




















Canada 


2.3 


1.7 


1.7 


1.3 


1.6 


1.8 


2.2 


2.3 


2.7 


USA 


104.6 


130.7 


136.4 


164.5 


168.6 


182.9 


186.6 


183.7 


168.8 


Cuba 




0) 





i 


6 










Southwest Atlantic 




r 


r 


r 


r 










Brasil (b) 


2.1 


2.2 


2.0 


1.6 


2.5 


2.4 


1.8 


4.4 


... 


Northeast Pacific 




















Canada 


1.1 


1.1 


1.8 


1.4 


0.7 


1.0 


1.0 


1.3 


0.7 


USA 


1.6 


1.4 


1.4 


1.1 


0.8 


1.0 


0.9 


0.8 


0.7 


Mexico (a) 


1.6 


2.2 


2.0 


1.0 


0.7 


0.9 


0.8 


1.9 


1.3 


West Pacific 




















Japan 


170.2 


157.7 


158.3 


203.5 


171.8 


171.7 


194.7 


173.4 


169.0 


Korea (Aqui culture) 


0.9 


6.9 


3.3 


11.4 


17.3 


15.6 


20.4 


25.8 


... 


Korea (Marine fisheries) 


2.3 


3.2 


3.6 


2.3 


10.9 


1.9 


3.8 


3.7 


8.8 


China 


1.7 


1.6 


1.4 


1.5 


1-5 


1.4 


1.4 


1.5 


2.0 


Malaysia (a) 


8.5 


6.0 


8.0 


19.6 


19.3 


19.4 


24.5 


26.9 


27.0 


Southeast Pacific 




















Chile (o) 


3.8 


3.7 


4.4 


5.2 


9.1 


9.3 


8.7 


8.6 


14.7 


Mussels 




















Northeast Atlantic 




















Ireland 


2.4 


0.8 


0.3 


0.9 


0.9 


0.9 


0.8 


1.2 


2.4 


Scotland 


0.6 


0.6 


0.6 


0.9 


0.8 


0.5 


0.5 


0.5 


0.4 


England 


2.9 


3.2 


3.1 


2.8 


2.6 


2.4 


3.2 


4.3 


3.7 


Norway 


r 


0.1 


0.1 




















Sweden 


0.5 


0.5 


0.8 


0.4 


0.6 


0.6 


0.7 


0.5 


... 


Denmark 


12.8 


11.3 


18.4 


13.6 


16.4 


18.3 


19.2 


16.4 


14.4 


Germany 


9.9 


10.0 


5-8 


4.8 


5.3 


7.6 


11.5 


11.3 


11.4 


Netherlands 


75.6 


85.4 


96.5 


89.7 


115.8 


110.5 


92.4 


85.6 


113.6 


Belgium 


0.2 


ft 


ft 


ft 


0.1 


0.1 


0.1 


(1 


9 


France (a) 


4.3 


26.0 


26.4 


33.6 


30.6 


37-5 


30.3 


35.2 


28.2 


Spain (a) 


4.9 


36.7 


56.0 


63.4 


63-5 


66.3 


64.3 


50.5 


68.7 


Portugal 


ft 


ft 


ft 


ft 


0.1 


0.2 


0.1 


0.1 


... 


Northwest and Western 




















Central Atlantic 
Canada 




















USA 


1.3 


2.0 


1.9 


2.5 


0.9 


1.3 


1.4 


2.1 


8.7 


Venezuela 


0.1 


0.1 


0.2 


0.2 


0.2 


0.1 


0.3 


0.2 


0.3 
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1958 


1961 


1962 


1963 


1964 


1965 


1966 


1967 


1968 


Southwaat Atlantic 




















Uruguay 
Argentina 



2.1 


0.7 
5-0 


0.5 
5.0 


0.5 
5-2 


0.5 
6.5 


0.7 
6.9 


0.6 
6.2 


0.5 
6.3 


. . 
8.1 


Mediterranean 




















Italy 


17.1 


17.5 


19.6 


22.4 


19.6 


16.0 


12.9 


16.1 


14.0 


Northeaat Pacific 




















Mexico (a) 





... 


... 


* 





f 


* 


0.2 


0.4 


Waat Pacific 




















Koraa (Aqui culture) 


0.2 


0.3 


0.2 


0.4 


1.0 


0.3 


2.0 


2.0 


2.6 


Koraa (Marina fiahariaa) 
China (Taiwan) 


3.1 
0.1 


2.1 
0.1 


2.9 

0.1 


2.7 
0.1 


3.3 
0.1 


2.6 
t 


2.7 
t 


3.3 


3.3 


Southeast Pacific 




















Peru 


1.9 


3.2 


3-8 


3.0 


3.6 


3.9 


4-4 


5-5 


5.3 


Chile 


21.1 


15.8 


19.3 


21.1 


24.0 


20.4 


22.7 


29.6 


22.7 


Southwaat Pacific 




















Auatralia 


- 


0.2 


0.3 


0.3 


0.2 


0.2 


0.2 


0.1 


0.1 


Haw Zealand 


2.6 


2.8 


2.4 


1.7 


1.7 


2.2 


2.1 


1.6 


2.1 


Oyrtera 




















Northeast Atlantic 




















Ireland 


t 


0.1 


0.2 


0.2 


0.1 


0.2 


0.1 


0.1 


0.2 


Scotland 




- 


/* 


t 


t 


I 






9 


England 


0.3 


0.3 


0.3 


0.2 


0.2 


0.3 


0.3 


0.3 


0.3 


Norway 


6 


t 


i 


- 













Sweden 


t 


0.1 


t 





0.1 


- i? 


? 


? 


... 


Germany 


t 


t 


t 


t 


* 


t 




? 


* 


Netherlands 


1.9 


2.6 


2.2 


0.5 


0.6 


0.7 


0.7 


0,8 


0.8 


Franca (a) 


13.2 


87.1 


76.5 


70.3 


62.2 


65.8 


62.3 


69.5 


44-7 


Spain (a) 


0.6 


0.8 


0.5 


0.5 


1.1 


0.9 


0.7 


0.9 


1.0 


Portugal 


0.9 


* 


2.3 


0.9 


10.2 


0.2 


0.3 


4.8 


... 


Northwaat and We tern 




















Central Atlantic 




















Canada 


1.3 


1.8 


1.5 


1.9 


1.7 


1.6 


1.6 


1.3 


1.4 


USA 


384.2 


361.8 


321.7 


355.1 


374.1 


313.6 


324.9 


384.0 


360.0 


Cuba 


0.5 


1.6 


2.5 


1.7 


2.4 


2.7 


2.8 


3.2 


2.3 


Venezuela 


... 


t 


0.1 


t 


0.6 


0.2 


0.9 


0.1 


0.3 


Trinidad 


. 





m , 


0.1 












Southaaat and Eastern 




















Central Atlantic 




















Senegal 


0.1 


0.1 


0.2 


0.6 


0.5 


0.6 


0.8 


0.4 


0.2 


Southwaat Atlantic 




















Brazil 


... 


0.1 


0.4 


0.2 


' 0.2 


0.3 


0.2 


... 


... 


Northaaat Pacific 




















Canada 


2.7 


2.9 


3.5 


5-8 


5-2 


5.1 


5-7 


4.4 


3-3 


USA 


42.5 


40.8 


43.2 


39.9 


40.4 


37.3 


31-5 


31.3 


28.7 


Mexico (a) 


13.1 


19.2 


18.3 


19.8 


24.0 


29.6 


25.1 


28.4 


35-5 


West Pacific 




















Japan 


151.2 


172.9 


203.6 


240.1 


240.6 


210.6 


221.1 


232.2 


267.5 


Koraa (Aqui culture) 
Korea (Marina fiahariaa) 


5.0 
2.0 


27.2 
7.7 


7.0 
4.2 


53.3 
3.5 


32.4 
10.2 


44.7 
1.2 


48.0 
3.7 


42.0 
2.4 


34.7 
3.5 


China (Taiwan) 


5.2 


8.1 


7-6 


7.9 


8.5 


8.9 


10.3 


11.7 


12.6 
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1958 


1961 


1962 


1963 


1964 


1965 


1966 


1967 


1968 


Southeast Pacific 




















Peru 


2.7 


0.3 


0.2 


0.1 


0.2 


0.2 


0.7 


0.3 


0.4 


Chile 


0.2 





t 


t 




0.1 


fa 







Southwest Pacific 




















Australia 


4.8 


6.5 


5.7 


5-9 


5-8 


6.6 


6.8 


7.3 


7.6 


Hew Zealand 


6.9 


8.8 


5.6 


6.1 


7.7 


9.9 


12.9 


13.2 


... 


Various Marine Molluscs 




















Northeast Atlantic 




















Ireland 


I 


I 


0.1 


0.2 


0.1 


0.1 


0.2 


0.2 


0.4 


Belgium 


0.3 


0.1 


0.1 


t 


t 


t 


fi 





? 


Prance (a) 


6.0 


9.5 


11.4 


9.2 


11.4 


11.3 


11.2 


10.9 


15.0 


Spain (a) 


1.0 


0.6 


0.3 


0.4 


0.3 


0.5 


1.4 


2.0 


1.3 


Portugal 


0.1 


0.1 


0.1 


t 


t 


0.1 


0.1 


0.1 


... 


North and Western Central 




















Atlantic 




















Canada 


0.1 


0.2 


0.1 


0.3 


0.5 


0.4 


0.5 


0.1 


0.3 


Cuba 


0.4 


- 


- 


- 


- 


i 


... 


... 


p 


Virgin Island 


... 


0.2 


0.1 


0.1 


0.1 


0.2 


0.2 


... 


... 


Trinidad and Tobago 


... 


... 


... 


0.1 


0.1 


0.1 


0.1 


0.2 


0.2 


Panama (a) 
Colombia (a) 


* 
0.1 


0.2 


oil 


0.2 

0.5 


0.1 
0.6 


0.1 
0.6 


0.6 


0.8 


0.8 


Venezuela 


... 


0.1 


0.1 


0.1 


0.2 


0.1 


... 


... 


0.1 


Southeast and Eastern 




















Central Atlantic 




















Morocco (a) 


0.1 


4 


... 


... 


0.1 


... 


... 


0.1 


0.7 


Sierra Leone 


... 


t 





0.2 


0.1 


0.1 


0.1 


0.3 


0.3 


Southwest Atlantic 




















Brazil (d) 


2.2 


t 


t 


0.2 


0.2 


0.2 


0.3 


0.5 


... 


Mediterranean 




















Italy 


4.5 


6.7 


6.6 


6.1 


9.0 


9.4 


8.7 


11.4 


12.7 


Yugoslavia 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


0.3 


0.4 


0.1 


Qreeoe 














2.8 


2.7 




Turkey 


t 


t 


0.1 


0.2 


0.2 


0.3 


0.4 




... 


Cyprus 


... 




... 


0.1 


0.1 


0.1 


0.1 


oil 


0.1 


Tunisia 


... 


... 


... 


1.1 


1.2 


1.7 


0.9 


... 


... 


Northeast sad Eastern 




















Central Pacific 




















Mexico (a) 


1.8 


... 


... 


$ 


t 


jf 


0.1 


0.1 


0.2 


Guatemala (a) 


... 


... 


... 


t 


t 





t 


t 


t 


West Pacific 




















Japan Aquioulture) 


rf 


0.1 


0.1 


0.4 


0.8 


0.6 





_ 


0.1 


Japan Marine fisheries) 


60.8 


120.7 


98.4 


109.7 


96.6 


104.6 


110.8 


104.2 


97.0 


Korea A qui culture) 


- 





I 


... 


3.0 


0.3 


0.9 


0.9 


1.0 


Korea Marine fisheries) 


12.9 


6.6 


11.6 


7.8 


20.0 


16.5 


19.8 


37.8 


10.8 


tyukyu Islands 


... 


0.1 


$ 


0.1 


t 


P 


t 


P 


jj 


China (Taiwan) 


1.3 


1.7 


1.6 


1.7 


2.0 


2.0 


1.9 


2.0 


1.9 


Vietnam 


... 


... 


... 


4.8 


... 


... 


4.7 


4.5 


3.3 


Cambodia 


... 


0.1 


0.3 


0.1 


0.2 


0.3 


0.3 


0.3 


0.4 


Thailand (a) 


50.6 


86.9 


82.2 


72.3 


70.1 


62.6 


102.1 


105-6 


141.8 


Malaysia (a) 


... 


... 


... 


0.4 


0.4 


0.4 


0.4 


0.4 


0.4 


Philippines (e) 


3.7 


2.9 


6.0 


6.8 


7.6 


10.0 


11.4 


9.9 


17.9 
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1958 1961 


1962 1963 1964 1965 1966 1967 1968 


Southeast Paoifio 




Chile (f) 4.3 


5.3 5-8 3.3 6.2 2.0 1.0 



Notes - (a) Where a country borders on more than one sea area ite catches have been arbitrarily 
"" assigned in total to one of these areas; the countries affected are: 

Prance, Spain: Northeast Atlantic, not Mediterranean 
Panama, Colombia: Atlantic/Caribbean, not Paoifio 
Morocco: Atlantic, not Mediterranean 
Mexico, Guatemala: Pacific, not Atlantic (Caribbean) 
Malaysia, Thailand: Pacific, not Indian Ocean 

(b) Data include oysters 

(o) 1966-8 excluding cockles 

(d) Data include squids and octopuses 

(e) Data refer to squids 

(f) Data include squids 
... No data 

Information zero 

$ Denotes catches less taan 100 tons 
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Appendix Tabla R1 - Catohaa of oruataoaana ty Poiaa and ty count ri a a ('000 ma trio tona, liva waight) 



Spaoiaa 


Country 


1958 


1963 


1964 


1965 


1966 


1967 


1968 


Saar-apidare, oraba, ato. 




197.0 


272.0 


288.0 


310.0 


348.0 


341.0 


354.0 


Blua orab 




50.0 


66.0 


71.0 


78.0 


77.0 


68.0 


51.0 


Dunganaaa orab 




21.0 


13.0 


13.0 


15.0 


20.0 


22.0 


22.0 


Edibla orab 




10.0 


10.0 


10.0 


8.0 


8.0 


8.0 


8.0 


King orab 




64.0 


110.0 


117.0 


130.0 


150.0 


131.0 


112.0 




USA (Pacific) 


5-1 


35-7 


39.3 


59.7 


72.3 


57.9 


38.6 




Japan 


28.2 


31.6 


31.8 


25-9 


31.0 


30.3 


30.0 




USSR 


30.9 


42.5 


46.2 


44.4 


46.0 


42.3 


40.4 


Othar marina oraba 




52.0 


73.0 


77.0 


79.0 


93.0 


112.0 


161.0 




Japan 


30.9 


39.6 


41.9 


37.7 


40.7 


55-9 


88.0 


Lobatara. rook lobatars, 


















piny lo oat are, ate. 




79.0 


90.0 


92.0 


92.0 


92.0 


88.0 


96.0 


Europaan lobatar 




4.0 


3.0 


6.0 


4.0 


3.0 


3.0 


3.0 


Northarn lobatar 




32.0 


34-0 


33.0 


32.0 


30.0 


28.0 


32.0 


Spiny lobatars, rook 


















lobatar 




43.0 


53.0 


53.0 


56.0 


59.0 


57.0( 


a) (61.0) 




Namibia 


4.0 


5*9 


7.6 


8.0 


8.9 


5-9 


8.5 




South Africa 


12.7 


8.3 


8.4 


8.4 


8.0 


8.3 


6.7 




Cuba 


4.2 


7.4 


6.6 


9-1 


9.0 


8.3 


8.9 




Brazil 


1.1 


3.6 


3.3 


3.4 


2.8 


2.5 


... 




Australia 


10.0 


H.3 


12.5 


12.0 


13.6 


14.4 


15.1 




Naw Zaaland 


4.4 


4.5 


4.6 


5-0 


6.6 


8.1 


... 


Sguat-lobatara, naphropa, 




32.0 


38.0 


41*0 


43.0 


45.0 


51.0 


50.0 


ato. 


Squat-lobatarv 




13.0 


9.0 


11.0 


15-0 


13.0 


20.0 


18.0 


Norway lobatar 




19.0 


29.0 


30.0 


28.0 


32.0 


31.0 


32.0 


Shrimps t prawns, ato. 




502.0 


671.0 


670.0 


663.0 


697.0 


757.0 


771.0 


Common ahrimp 




49.0 


73.0 


57.0 


51.0 


60.0 


45.0 


50.0 




Oarmany (Pad. Rap. of) 


29.4 


42.4 


28.8 


28.3 


38.4 


24.4 


33.1 




Netharlanda 


13.1 


24.7 


21.9 


17.4 


15.5 


14.3 


11.2 


Daap-watar prawn 




13-0 


26.0 


23.0 


25.0 


21.0 


22.0 


23.0 


Prawna and ahrimps 




440.0 


572.0 


590.0 


587.0 


616.0 


690.0 


698.0 




Maadoo 


50.2 


72.0 


69.0 


59.1 


65.8 


70.1 


58.6 




USA (Atlantic) 


88.9 


99.4 


89.5 


101.4 


92.8 


114.9 


108.6 




USA (Pacific) 


8.1 


9.6 


6.6 


9.1 


15.6 


24.7 


23.7 




Brasil 


17.4 


28.3 


28.1 


39.4 


34.7 


35-5 


... 




China (Taiwan) 


4.0 


9.0 


9.8 


14.2 


16.3 


19.5 


21.7 




India 


86.7 


81.6 


94.9 


77.3 


90.9 


91.6 


99.8 




Japan 


55.6 


86.7 


77.8 


66.5 


68.8 


61.0 


66.3 




Koraa (Rap. of) 


16.4 


14.2 


18.1 


17.2 


12.1 


21.0 


11.4 




Malay aia (Wait) 


9.0 


19.0 


19.3 


20.8 


24.4 


32.3 


32.9 




Pakiatan (b) 


14.9 


18.4 


25.7 


27.0 


22.2 


25.0 


23.4 




Philippinaa (o) 


13.7 


20.3 


21.5 


22.9 


26.3 


24.0 


21.5 




Thailand 


10.3 


23.3 


29-5 


35-2 


45-3 


61.7 


75.0 


Miaoallanaoua marina 


















orustacaana 




36.0 


53.0 


67.0 


69.0 


77.0 


102.0 


106.0 


TOTAL, all oruataoaana 




860.0 


1,140.0 


1,170.0 


1,190.0 


1,280.0 


1,360.0 


1,400.0 



ffotaa - (a) In tha computation of this total, mora than 10 waa aatimatad ty PAD 

(b) 1958, 1963-5, "Prawna and ahrimpa" includaa "Praahwatar oraetacaana" 

(c) Up to 1966, "PraMtia and ahrimpa" inolurtaa "Otbar narlna oraba" 
... No data 

Braokats danota aatimation 
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